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1. INTRODUCTION

This Work Plan is written to specify the design, implementation, and operation of
a pilot-scale treatability study of Steam Enhanced Extraction (SEE) at Site 13,
Abandoned Oil Refinery, at NAS Alameda. Based on previous investigations at
Site 13, oily waste is found in high concentrations below the four-foot deep water
table. In situ restoration options for remediation include biosparging, where air
would be injected into the oil bearing zones to stimulate biodegradation, and both
bioventing and soil-vapor extraction during dewatering.  However, these
ambient-temperature technologies cannot be expected to recover the viscous
hydrocarbon phase to a significant extent, and would be inherently slow due to
low volatilities, aqueous-phase diffusivities, solubilities, and vapor pressures of
the contaminants.

Because the waste oil will become more volatile, less dense and flow more readily
as the boiling point of water is approached, applicable temperature-enhanced in
situ technologies are of interest to the acceleration of remedial processes. The
mechanisms exploited by thermal processes are the reduction of the oil viscosity
and oil-water interfacial tension to increase mobility, an increase in the difference
between the water and oil densities to increase the upward flow driving force,
and an increase in the hydrocarbon mixture vapor pressure to enhance its
evaporation rate. Thus, thermal processes are expected to be the most rapid of the
viable options. An effective process would include significant free product
pumping and removal of the more volatile and soluble components of the
immobile hydrocarbon mixture to minimize potential for future exposure.
Applicable thermal heating processes include steam injection and electrical
heating. The assessment of feasible in situ technologies is required prior to a
regulatory Record of Decision; this will require the evaluation of thermal

remediation techniques.

Given the readily available clean steam source from facility steam plants, SEE
appears to be particularly attractive for pilot-scale testing at Site 13. There are no
structures on the site that would interfere with application of SEE, and there are
no immediate planned uses of Site 13.

The project consists of a laboratory treatability study and field scale tests, first
with three wells over a period of 30 days, followed by a pilot-scale test with 15
wells run for an additional 180 days. The pilot-scale demonstration of SEE at
Site 13 is to follow this Work Plan, unless new data suggests better design,
implementation procedures or data collection protocols.
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1.1 OBJECTIVES

The overall objective of this project is to ascertain the viability of the SEE
process as a cost-effective in situ remedial method for restoration of soils and
groundwater containing the low-volatility hydrocarbons at Site 13. Laboratory
treatability test objectives are to determine the rates and extents of toxic substance
removal by SEE. Specific objectives of the three well treatability tests are to
quantify in situ hydraulic parameters, assess the performance of the prototype
injection/extraction well design, and identify potential operational difficulties in
above ground fluid treatment. The pilot-scale test objective is to provide a
comprehensive assessment of the overall technical feasibility of the process to
restore the site and identify any improvements in the design and implementation
of the process if expanded to full-scale site cleanup.

1.2 BACKGROUND OF SEE PROCESS

SEE was developed in the late 1980s by engineering scientists from the
University of California at Berkeley. While steam injection for enhanced oil
recovery has been practiced for decades by the oil industry, additional
thermodynamic features of the process were identified and exploited in the
Berkeley work to make the process amenable to the restoration of sites
contaminated with volatile and semi-volatile liquid contaminants found above and
below the water table, as well as non-volatile compounds in the aqueous phase.

The SEE process removes hydrocarbons from the soil by injecting steam to
volatilize hydrocarbons present in the subsurface. Hot vapors which contain the
volatilized hydrocarbons are captured, condensed, contained, and treated to
remove hydrocarbons. At Site 13, the process will include:

. Warming the treatment zone with steam to mobilize free product to the top
of the water table where it will be pumped from the subsurface;

. Collection and disposal of recovered free product;

. Dewatering to expose residual oil to injected steam and to enhance
volatilization;

. Collection of condensate from extraction wells and from the ground
surface;

. Treatment of the condensate by carbon adsorption followed by discharge to

the sanitary sewer; and
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. Injection of air or pure oxygen into the hot, dewatered oil bearing zone to
dry the soil and oxidize the heavier oil fractions.

1.3 PARTNERSHIP AGREEMENT

On August 24, 1994, the U.S. Navy and the University of California entered into
a partnership that provides the framework for exploring the application of
innovative environmental restoration technologies developed by the University of
California at Berkeley (UCB), the Lawrence Livermore National Laboratory
(LLNL) and the Lawrence Berkeley Laboratory (LBL), on Installation
Restoration (IR) sites NAS Alameda. This partnership is governed by Contract
No. N62474-94-7420.

Delivery Order (DO) 003 funds the demonstration of the SEE technology at Site
13 for the removal of contaminants from the soils and groundwater. UCB shall
perform the following tasks in order to accomplish this objective:

1)  Prepare a Work Plan to install treatability and pilot-scale test wells.

2)  Install, operate, and monitor the treatability test wells to determine if
the soil characteristics favor further application of the SEE
technology in a pilot-scale process.

3)  Prepare a report commenting on the treatability test results.

4)  Install, operate, and monitor the pilot-scale SEE process in the field
to determine further application of the SEE technology in a full-scale

process.

5)  Prepare a report on the pilot-scale results of the SEE technology.

6)  Produce 75 percent designs for full scale operation of the SEE
process.

This Work Plan is written is in response to the requirements of Task One and
describes Tasks Two through Six.

1.4 RELATED DOCUMENTS

As part of their partnership agreement with EFA West, the Berkeley
Environmental Restoration Center (BERC) will implement innovative restoration
technologies at three sites within NAS Alameda, including Site 13. The following
two documents have been prepared to describe general quality assurance/quality
control and health and safety procedures to be followed for each site:
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. Contractor Quality Control Program Plan, Revision A, dated June 1995,
prepared by E2; and

. Health and Safety Plan, Volumes I and II dated June 8, 1995, prepared by
BERC.

Work conducted at Site 13 will be conducted in accordance with the general
procedures described in these program level documents as well as Standard
Operating Procedures and Standard Quality Procedures that are being prepared
for this project. This Work Plan describes site-specific procedures to be

followed.

1.5 ORGANIZATION OF WORK PLAN

Section 1 of this work plan presents an overview of the pilot-scale treatability
study to be performed at Site 13, as well as the contracting mechanisms that
authorize the work and related documents that need to be referred to during
implementation of the study. A brief background of NAS Alameda and Site 13
are presented in Section 2 with a discussion of previous investigations. The site
hydrogeology is described in Section 3. Soil and groundwater quality are
described in Section 4 and probable exposure pathways are presented in Section
5. Data gaps are described in Section 6. Section 7 presents the treatability testing
that needs to be conducted in support of the pilot-scale study. The design of the
field-scale study is presented in Section 8. An implementation plan, including the
sampling and analysis plan, is included in Section 9. The project organization is
described in Section 10.

Detailed results of a laboratory shake-down treatability experiment will be
included in Appendix A when data are available. Appendix B includes the
Contractor Quality Control Plan (CQCP); Appendix C contains the Site Health
and Safety Plan (SHSP); Appendix D contains the Environmental Protection Plan
(EPP) for the pilot-scale treatability study. The piping and instrumentation

diagram (P&ID) is included in Appendix E.

Supplemental information is included in Appendix F. This information includes
Standard Operating Procedures (SOPs) that will be implemented as a part of the
sampling and analysis plan. These SOPs are draft and will be issued as final at a

later date.
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2. BACKGROUND
2.1 NAS ALAMEDA DESCRIPTION

NAS Alameda i1s located on the western end of Alameda Island. The base,
rectangular in shape, is approximately 2 miles long and 1 mile wide, and occupies
2,634 acres. Approximately 1,526 acres of NAS Alameda are land and 1,108

acres are bay.

Much of the land now occupied by NAS Alameda was once covered by the waters
of San Francisco Bay or was tidal flats. Much of the base was gradually filled
using hydraulically placed dredge spoils from the surrounding San Francisco
Bay, the Seaplane Lagoon at NAS Alameda, and the Oakland Channel (PRC,

1994).

The Army acquired the NAS Alameda site from the city of Alameda in 1930 and
began construction activities in 1931. The Navy acquired title to the land from
the Army in 1936 and began building the air station in response to the military
buildup in Europe prior to World War II. After the 1941 entry of the United
States into the war, more land was acquired adjacent to the air station. Following
the end of the war, NAS Alameda returned to its original primary mission of
providing facilities and support for fleet aviation activities.

2.2 SITE 13 HISTORY

The following history of Site 13 was obtained from Naval Air Station, Alameda,
Alameda, California, Remedial Investigation/Feasibility Study Site Conceptual
Models, Preliminary Draft dated September 22, 1994, and prepared by PRC
Environmental Management, Inc. (PRC) and Montgomery Watson (PRC, 1994b).
Site 13 consists of approximately 30 acres located in the southeast corner of NAS
Alameda. This site is the former location of the Pacific Coast Oil Works refinery,
which operated between 1879 and 1903. Refinery wastes and asphaltene residues
were dumped at the site during the 24-year history of the refinery. The refinery
consisted of pump and lubricating houses, stills, two laboratories and agitators, as
well as approximately 19 above-ground iron oil storage tanks, six underground
iron storage tanks, and a storage area containing drums of oil.

The area once occupied by the refinery was later surfaced by the Navy. Sometime
in the 1940s, a surface rupture occurred as a result of vapor pressure buildup
from underground hydrocarbons and refinery wastes. The Navy excavated an
area of approximately 30 by 30 feet (depth not recorded), and a concrete slab was
emplaced in the bottom of the excavation which was then backfilled and

resurfaced.
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Several naval facilities now exist on the site of the former oil refinery. A
former on-base annex service station, Building 547, is located in the northeast
corner of the former oil refinery area. In the northwest corner is a hazardous
waste storage yard, which is currently in operation. A missile rework facility is
housed in Building 530, which is located in the southern portion of the former oil
refinery area.

During a previous removal action, approximately 104 cubic yards of soil
exhibiting a low pH and containing high lead concentrations was removed.
Approximately another 50 cubic yards was expected to be removed after
September 1994. For this removal action, soil containing lead at concentrations
greater than 100 mg/kg were removed from the southern portion of Site 13.

In February 1991, a JP-5 release occurred on the east side of Building 397, a jet
engine test cell. Following a period of heavy rains, several storm drain manholes
overflowed, resulting in an accumulation of free product; twelve manholes in the
area were found to contain floating product. The storm drain lines south of
Building 397 were reportedly extensively damaged during the 1989 Loma Prieta
earthquake and groundwater in the area may have been impacted by JP-5 leaking
from the damaged storm sewer lines.

2.3 PREVIOUS INVESTIGATIONS

Remedial investigations have been conducted at numerous IR sites throughout
NAS Alameda. The reports which document these investigations include the
following which were prepared by PRC and Montgomery Watson:

. NAS Alameda, Alameda, California, Data Summary Report RI/FS Phases 1
and 2A, Final. August 25, 1993.

. NAS Alameda, Alameda, California, Data Summary Report RI/FS Phases
2B and 3, Final. October 27, 1992.

. NAS Alameda, Alameda, California, Solid Wastewater Quality
Assessment Test (SWAT) and Data Summary Report RI/FS Phases 5 and 6,

Final. April 30, 1993.

As part of the remedial investigation(s) at Site 13, six groundwater monitoring
wells (MW-1 and MWOR-1 through MWOR-5) and 22 soil borings (BOR-6
through BOR-27) have been installed at Site 13 (PRC, 1994). Soil and
groundwater samples from these monitoring wells and borings have been

laboratory analyzed.
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A conceptual model of Site 13 presenting a summary of existing analytical data
and an assessment of exposure pathways is also included in Naval Air Station,
Alameda, Alameda, California, Remedial Investigation/Feasibility Study Site
Conceptual Models, Preliminary Draft dated September 22, 1994. This report |
was also prepared by PRC and Montgomery Watson.

In March and April 1994, PRC conducted a Site Characterization and Analysis
Penetrometer System (SCAPS) project at Site 13. The SCAPS project included
the advancement of 45 SCAPS push holes (ALA13P1 through ALA13P45) and
eight hollow stem auger borings (ALA13B38 through ALA13B45). The results
of the project are described in SCAPS Push and Intercalibration/Validation
Boring Summary Report, Naval Air Station Alameda - Site 13. Old Refinery Site,
Alameda, California dated August 19, 1994 and prepared by PRC. As part of this
project petroleum hydrocarbon concentrations in the soil were measured using an
in-situ fluorometer. The results of these measurements were validated by
traditional laboratory analysis of selected soil samples for total recoverable
petroleum hydrocarbons (TRPH), and total petroleum hydrocarbons as diesel,
gasoline, JP5 and motor oil (TPHd, TPHg, TPHjp5, and TPHmo).

3. SITE HYDROGEOLOGY

Soils encountered during implementation of the SCAPS project include
hydraulically placed fill and Young Bay Mud Deposits (PRC, 1994a). The
hydraulically placed fill consists primarily of sand and silty sand. In places, these
materials are mixed with refinery wastes described as a black, tar-like material.
The fill is underlain by Young Bay Mud Deposits consisting of sand, silt, and
clay. The depth to groundwater at Site 13 ranges from 5.94 to 6.04 feet below

ground surface (bgs) (PRC, 1994c).

4. DISCUSSION OF SOIL AND GROUNDWATER QUALITY

Soil and groundwater samples have been collected as part of the remedial
investigation(s) and SCAPS project at Site 13. Based on the results of the
remedial investigations, the pH of soil samples from Site 13 ranges from 6.2 to
10 and total organic carbon concentrations range from 109 to 16,800 mg/kg
(PRC, 1994 b). The following chemicals have been identified in the near surface

soil and at depths up to 15 feet bgs:
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. TRPH; benzene, toluene, ethylbenzene, and xylenes (BTEX); n-nitroso-di-
phenylamine; butylbenzylphthalate; polynuclear aromatic hydrocarbons
(PAHs); and the pesticides beta-BHC, heptachlor epoxide, 4,4-DDT, 4,4-
DDE, 4,4-DDD, and toxaphene.

Total dissolved solids concentrations in groundwater samples ranged from 620 to
3,160 mg/l; total organic concentrations ranged from 7.5 to 57.6 mg/l; dissolved
oxygen concentrations ranged from 1.6 to 6.2 mg/l; the pH ranged from 6.7 to
7.8; and the specific conductivity ranged from 470 to 4,020 cm (PRC, 1994b).
The following chemicals have been identified in the groundwater at Site 13:

. TRPH, benzene, ethylbenzene, xylenes, 4,4-DDT, PAHs, and metals.

Sediments in the storm drains had not been sampled in September 1994 and are
not of concern for this pilot-scale test.

The results of the SCAPS project identified the following zones of contamination
(PRC, 1994a):

. Refinery wastes present in the southeast portion of the site from a depth of
five to 15 feet below ground surface. The western, northern, and southern
extent of refinery wastes has been identified by the SCAPS project. The
eastern extent has not been identified because it intermingles with the
release from the NEX service station and because this site is located near
the eastern base boundary which restricts additional sampling locations to
the east of those areas already sampled.

. An asphaltic and/or oily dust surface feature.

. A gasoline release from the former on-base annex service station located at
Building 547. The horizontal extent of this release has not been identified.

. A release of JP-5 near Building 397 which is a jet engine test cell. The
horizontal extent of this release has not been identified.

The horizontal extent of TRPH in the soil as inferred from the SCAPS project is
shown on Figure 4.1, and the vertical extent is inferred on Figure 4.2.
5. PROBABLE TRANSPORT PATHWAYS

Potential sources of soil and groundwater contamination at Site 13 include
historic oil refinery operations and wastes as well as the JP-5 release on the east
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side of Building 397. Based on the exposure pathway analysis prepared by PRC
(PRC, 1994b) the following transport/exposure pathways are considered
currently present at Site 13:

. Volatilization of compounds identified in the soil and groundwater to
outside air which would be inhaled by site occupants;

. Wind suspension of soil particulates which could result in off-site
deposition of particulate on previously uncontaminated soil and could result
in human exposure to the chemicals in the soil either through ingestion or
direct contact. The particulates could also be inhaled by site occupants;

. Direct contact with or ingestion of soil and/or groundwater that contains
chemicals.

6. DATA GAPS

Data gaps that will need to be addressed before the pilot-scale treatability study is
performed include:

. Additional treatability testing is necessary to evaluate the effectiveness of
the SEE process on soil from Site 13.

. The easterly extent of TRPH in the soil has not been fully characterized.

. The TRPH concentrations have not been fully characterized in the eastern
portion of horizontal extent of TRPH inferred from the SCAPS project;
and additional sampling to characterize the extent and concentration of
TRPH in the soil is described in Section 9.3 along with other sampling and
analysis that will be conducted during implementation of the pilot-scale
study. Section 7 describes additional bench scale testing that will be

performed.

7. LABORATORY TREATABILITY TESTS

Previous laboratory treatability tests of the applicability of SEE to relatively low
volatility hydrocarbon mixtures such as JP-5 fuel and coal tars showed effective
removal of those liquid compounds from soils. There are questions whether SEE
would be effective in removing the waste oil from the Site 13 soils, since the oil
may be from distillation column residues and may consist of non-volatile
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components. The potential extent of removal of the toxic components of the waste
oil from Site 13 soils by SEE, and the composition of the residual hydrocarbons
are of interest. To better define the characteristics of the effluent liquids and
residual waste oil, a laboratory treatability test will be conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and effluent
chemical analyses for the laboratory experiment are presented below.

7.1 ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure 7.1, the apparatus for the one-dimensional treatability experiment
consists of a pair of metering pumps to deliver a constant mass flow rate of distilled
water, a steam generator to boil the water into steam, a stainless steel pipe to hold the
contaminated soil sample, and an effluent collection jar maintained in an ice bath to
minimize loss of components from the effluent to the atmosphere. The inlet and outlet
of the sample holder have end caps which can be unbolted and removed to pack and
unpack the soil sample. These caps have channels cut on their inner surface in contact
with the soil to help spread the injected steam across the entire inlet cross section of the
sample holder and reduce the end effects of the one-dimensional experiment. In addition
to these channels, 300- and 25-mesh stainless steel screens are attached to the inner
surfaces of the end caps to encourage uniform spreading of the steam over the sample
holder cross section and to prevent the grains of soil in the sample from escaping the
sample holder. The stainless steel sample holder is wrapped with heater tape and
insulated. During injection, this heater tape is set to a constant supply power to offset
the heat loss through the insulation, maintaining a constant temperature along the length
of the tube and thus produce an adiabatic environment. Thermocouples are mounted at
the steam inlet tubing, the upstream end of the soil sample, the downstream end of the
soil sample, and the outlet tubing. Teflon tubing is used to carry all fluids into and out
of the system. The outlet tubing is long enough to allow the effluent to cool to near
room temperature before it enters the effluent collection bottle. Because flow rates are
low, usually one meter of tubing is a sufficient length. Not shown in the diagram is a
condenser stage which can be added to the outlet tubing between the outlet of the
stainless steel piping and the effluent collection jar when the effluent flow rate is too
high to condense all of the steam in the effluent tube.

7.2 SOIL SAMPLE PREPARATION

Soils will be taken from contaminated regions of Site 13 using a hand auger. The soil
will be chilled to reduce hydrocarbon vapor pressures and mixed in a clean Pyrex tray
to uniformly distribute the waste oil throughout the sample. Two samples will be sent to
an outside laboratory for analysis. If the TPH concentrations of the two soils analyzed
are less than 5,000 mg/kg and within 10% of each other, then the soil will be packed
into the sample holder. If the samples contain hydrocarbon concentrations greater than
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5,000 mg/kg, the clean fine sand similar to that of the soil samples will be mixed with
the contaminated soil to reduce the concentration to 5,000 mg/kg. By reducing the
concentrations to this value, the experiment can be completed in reasonable time period
of the order of two weeks.

Contaminated soils will be packed into the stainless steel sample holder by alternately
adding a few centimeters of soil and compacting with a large wooden dowel to reduce
void spaces in the pack. The thermocouples situated within the soil will be inserted
during packing. Packing will continue until enough material is in the sample holder to
require slightly compressing the end cap when it is bolted into place. This compression
minimizes voids created during settling of the sand pack. Such voids are undesirable
since they compromise the homogeneity of the one-dimensional sand pack and could
lead to uneven steam flow. To minimize the end effects, 1 inch of clean sand will be
packed at the exit of the sample holder and 1.5 inches of clean sand will be packed at the

mlet.
7.3 STEAM INJECTION PROCEDURE

After packing the sample holder with contaminated soil as described in the sample
preparation section, the metering pumps will be set to provide a constant water flow
rate of 38 ml/hr. Previous experiments on tarry compounds more volatile than those
suspected at Site 13 show that a contaminant level of 10,000 mg/kg can be removed to a
level exceeding 99% in about two weeks. Based on those results, we expect to conduct
the treatability tests for two to three weeks depending on effluent fluid characteristics.
If the effluent liquid has no visible liquid hydrocarbon as floating product or emulsion,
and the effluent has no odor, the experiment will be concluded. The contaminant
concentrations removed by steam are highest in the first part of injection, so a sampling
regime will be employed that takes more frequent samples early giving a better
resolution of contaminant removal during this stage. All of the effluent coming from
the sample holder will be collected into sample bottles according to the following

regime:
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. Target Cumulative
Time (hrs) Time (hrs)

Begin lInjection 0 0
Sample 1 1 1
Sampie 2 1 2
Sample 3 1 3

| Sample 4 1 4
Sample 5 4 8
Sample 6 4 12
Sample 7 4 16
Sample 8 4 20
Sample 9 8 28 |
Sample 10 8 36
Sample 11 8 44 |
Sample 12 8 52
Sample 13 12 64 |
Sample 14 12 76
Sample 15 12 88
Sample 16 12 100
Sample 17 24 124
Sample 18 24 148
Sample 19 24 172
Sample 20 24 196
Sample 21 24 220
Sample 22 24 244
Sample 23 24 268
Sample 24 24 292
Sample 25 24 316
Sample 26 24 340
Sample 27 24 364
Sample 28 24 388
Sample 29 24 412
Sampie 30 24 436
Sample 31 24 460
Sample 32 24 484
Sample 33 24 508

End Injection 34 24 532

This regime provides small samples of effluent allowing detailed analysis of effluent
concentrations during the first few hours of injection, and it gives large samples of
effluent later in the experiment when concentrations are low and changing slowly. To
minimize sample degradation, an ice bath will surround each bottle while collecting the
effluent. As each bottle fills, it will be sealed with a Teflon cap and placed it in a
refrigerator at 4°C (+ 2°C) or an ice bath to prepare for transport to the analytical

laboratory.

The pressure in the s
on a solenoid valve at
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ample holder will be cycled throughout the injection using a timer
the outlet end of the sample holder to close the outlet for one
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hour and open the valve for thirty minutes while maintaining steady steam flow into the
inlet. With the valve closed steam pressures should rise to about 207 kPa gauge (30
psig), then we will open the valve to depressurize the system over about two minutes.
Cycling in this way first increases the pressure and temperature of contaminants in the
sand pack then causes the contaminants to vaporize as the ambient pressures returned to
normal. This increases the contaminant concentrations in the effluent by mobilizing
contaminant trapped in less accessible regions such as crevices between sand grains.
During steam cycling, the effluent tube will be placed in an ice bath to condense the
effluent before it reaches the sample bottle. This is necessary because the fairly rapid
depressurization of the test section produces enough steam to heat the effluent tube and
send vapors to the collection bottle where they could be lost to the atmosphere from

around the tube’s entrance through the bottle cap.
7.4 LABORATORY SAMPLE ANALYSIS PLAN

The soil and effluent samples will be sent to a certified laboratory for chemical analysis.
The soil samples taken from the site will be analyzed for TPH (EPA method
8015/5030), PAHs (EPA method 8270), metals (EPA method 6010), and pesticides
(EPA Method 8080). The table below summarizes the samples to be analyzed and the
methods to be employed.

7.5 QUALITY ASSURANCE/QUALITY CONTROL

The one-dimensional bench study will follow the quality assurance and quality control
procedures outlined in the Quality Assurance/Quality Control Plan. In addition, all
water injected into the sample holder will be distilled and then boiled to reduce the
amount of dissolved gas. All tubing used to carry the water and effluent will be PTFE
to lower the risk of water or effluent contamination by interaction with the tube
material. During the entire experiment, the system remains closed except for the
necessary introduction of water to the metering pumps and the changing of the sample
bottles to minimize the chance of system contamination. All sample bottles will be
prepared by washing with nonphosphate detergent followed by multiple tap water and
distilled water rinses. After washing, the bottles will be oven dried and sealed with
Teflon caps. The sample bottles will be kept in an ice bath while the sample is being
collected to keep the effluent temperature low and minimize potential evaporation. Full
sample bottles will be capped with a Teflon cap and placed in a refrigerated space or
into a cooler containing ice to maintain temperatures at 4°C (£ 2°C). Each cooler will
contain a method blank consisting of a bottle prepared along with the sample bottles,
filled with distilled water as used in the metering pumps, capped with a Teflon cap, and
placed in the cooler along with the first effluent sample. The method blank should
indicate any contamination in the preparation, storage, and transportation of the
samples. All samples will be sent for analysis within the prescribed holding time. All
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samples will be packed with foam and ice prior to transportation. Each cooler
will contain a chain of custody and be sealed with custody tape.

8. PILOT-SCALE SEE DESIGN

The application of SEE to Site 13 would include operation to first mobilize the
free product oil to the top of the water table by injection of steam from below.
From there it would be pumped from the subsurface. Thereafter, significant soil
dewatering would be necessary to expose the residual oil to flowing steam to
enhance vaporization of the light ends. Dewatering will take place during both the
treatability and pilot-scale phases. An attempt will be made to lower the water
table to at least 10 feet below ground surface. Until the transmissivities of the
water-bearing materials- are determined, it will not be known whether de-
watering to 10 feet will be possible. Injection of air or pure oxygen into the hot,
de-watered, oil-bearing zone will lead to the drying of the soil, and may also lead
to significant oil oxidation rates of the heavier oil fractions.

Implementation of SEE at Site 13 will require the installation of a set of wells for
steam injection/fluid withdrawal, and the appropriate above-ground fluid
processing equipment. In addition, a surface containment system will be installed
to capture condensable vapors created during steam injection. Base steam,
compressed air, water, power, and wastewater disposal utilities are available
adjacent to the site. Present utility locations are shown in Figure 4.1.

Steam injection would be continuous to the site but alternate between the various
wells in the pattern as needed to maintain energy levels and optimize recovery
efficiency. The pilot-scale treatability study design should be similar to that of the
full-scale implementation with individual well injection rates and well spacing the
same as that considered for full-scale implementation. The pilot-scale study would
involve the installation and operation of a much smaller number of wells than for
full-scale cleanup with wells located in areas of high concentrations and extending
to the edge of the contaminated region as conceptually shown in Figure 8.1.

Before the pilot-scale equipment can be properly sized and assembled,
preliminary data on the subsurface permeability and prototype well design
performance are necessary. Thus, three treatability study wells will be installed
and operated for 30 days to gather process data appropriate for pilot-scale system
final design. The initial three wells will be located to become part of the pilot-
scale pattern if initial results indicate SEE applicability to site cleanup.

The three test wells will be installed at the approximate locations shown on
Figure 8.2; specific locations will be selected after additional site characterization
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is completed as described in Section 9.3.1. Actual locations for pilot scale test
wells will be selected using the results of the three well treatability test. A high
soil hydrocarbon concentration area will be targeted for the three test wells to
allow significant oil volume recovery. Recent applications of SEE in similar
situations showed the need for great flexibility in the control of liquid pumping
operations, and steam injection locations. The design to be tested at NAS Alameda
is a significant improvement in these regards. Details of the well design are
shown in Figure 8.3. The design includes two screened intervals; the deeper
interval is for steam injection and the upper interval is for vacuum extraction and
liquid pumping. Liquids, including the hydrocarbon phase, will be removed using
a gas displacement pump. Compressed air will be used as the displacement gas.
For greater precision in subsurface transport definition, the design will also allow
for the insertion of a logging tool used to evaluate vertical gas flow rates, gas
concentrations, and temperatures.

Thirteen temperature observation wells will also be installed as shown in Figure
8.2. The design of the temperature observation wells will allow percussion
insertion for reduction In cost, greater temperature sensitivity, and elimination of
soil drilling disposal. Subsurface temperatures are monitored by the placement
of subsurface thermocouples. To allow for the possibility of continuous
temperature logging, the fixed thermocouples will be attached to the outside of a
bottom-sealed, 2-inch diameter, 25-foot long, schedule 40 carbon steel pipe,
inserted into a bore hole and grouted in place, as shown in Figure 8.4. The
thermocouples will be sealed in stainless steel sheaths, attached to 24 gauge,
Teflon-coated wire, extending to above ground. The coded wires will extend 5
feet beyond ground level, finished with compatible plugs for quick attachment to
a thermocouple output display unit and housed in a weather-proof enclosure.

Large increases in soil temperature caused by the injection of steam create
substantial changes in soil resistivity. Electrical resistance tomography (ERT)
will be used to map the subsurface progress of steam injection as a function of
space and time. ERT measurements will be made using a combination of surface
and downhole measurements to map the steam propagation. The planned
electrode well locations are shown on Figure 8.5. A schematic of the electrode
strand is given in Figure 8.6. Resistivity measurements will be made before,
during, and after steam injection, and will be processed to generate two-
dimensional vertically oriented resistivity tomographs.

Two surface containment designs will also be installed and tested during the pilot-
scale treatability study. The design of the actively cooled surface containment
system (Figure 8.7) will allow condensable vapors to flow to an upper metal
barrier where heat losses to the environment will allow condensation. Enhanced
condensation will be achieved by active cooling of the exposed surface of the
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barrier by installing a water sprinkler system. The passive barrier is simply a
vapor barrier with soil placed on top for thermal insulation and protection.
Beneath the vapor barrier, a gravel layer 3” thick would allow removal of vapors
flowing up from the steamed soils through the application of a vacuum to the
region. While the passive design may have an advantage in ease of installation, the
active design would provide superior performance and greater control. The
design which is most effective overall will be installed at the pilot-scale.

The three-well treatability test will require installation of most of the above
ground equipment necessary for the pilot-scale implementation. The flow
schematic of the above-ground processing equipment is shown in Figure 8.8.
The effluent treatment system is designed to treat both the effluent vapor mixture
and liquid water pumped from the extraction wells. The effluent vapor mixture
enters a liquid trap where entrained liquid is trapped and pumped to an oil-water
separator. The gas stream goes to an air-cooled heat exchanger where steam and
the hydrocarbon vapor are condensed. The gas-liquid mixture then enters a
vapor-liquid separator. Upon exiting the separator, the liquid phase is pumped to
the oil/water separator, and the noncondensable air is removed with a vacuum
blower to be treated by a thermal oxidizer before its release to the atmosphere.

Similarly, the effluent liquid treatment system recovers and treats liquids from
the injection/extraction wells and surface separation vessels. Liquid mixtures are
first separated and then metered upon exit from the oil/liquid separators. While
oil is pumped to an oil storage tank, water is pumped through carbon canisters to
reduce oil concentration to below discharge limits. In addition, the pH of the
water is metered and treated, if necessary, before release to the sewer system. All
hydrocarbon vapors that escape from the separators or the oil tank must pass
through carbon canisters before their release to the atmosphere. Depending on
availability and cost, all equipment components will be selected for the
treatability test well operation. However, if the well pattern is expanded to pilot-
scale dimension, then savings might be found in time and money if the equipment
is sized for pilot-scale operation.

9. IMPLEMENTATION PLAN

The implementation plan consists of a list of tasks for implementation of the
pilot-scale treatability study at Site 13, an implementation time line, and a site
sampling and analysis plan. The following sections detail the work to be
performed and the procedures to be followed in the operation and evaluation of
the pilot scale treatability study. All work will be performed in accordance with
the Contractor Quality Control Plan (Appendix B), Site Health and Safety Plan
(Appendix C), and the Environmental Protection Plan (Appendix D).
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9.1 TASKS

This section describes the tasks that will be performed during the pilot scale
treatability study at Site 13.

9.1.1 Three-Well Treatability Study

The initial stage of the pilot scale treatability study will be implementation of the
three well treatability study; this section describes the tasks that will be
performed as part of this stage.

1. Perform additional site characterization for treatability test well siting.
While the existing site characterization provides good delineation of the
maximum extent of the subsurface waste oil, additional characterization of
the subsurface concentration distribution is needed before the pilot-test wells
are installed. Cone penetrometry with laser-induced florescence for soil oil
concentration quantification will be used to determine the vertical waste oil
distribution at 20 or more additional locations shown on Figure 9.1.

2. Survey the site to determine ground elevations and reference existing wells
and prior soil borings. The surface topography of the site is to be quantified
by standard surveying techniques. Surface elevations will be measured on a
20-foot grid. Once the existing topography is known and well locations are
determined, the surface containment design and surface grading needs can be
specified. To minimize the volume of surface soil to be moved, the drainage
pattern for the surface containment system will be designed to best fit the

surface topography.

3. Grade site to provide appropriate drainage from surface containment system.
As shown in Figure 8.7, the grading will provide a sloped surface of one-
quarter inch rise per foot of run for proper drainage of the surface
containment system. The north and south sides of the graded region are to be
sloped at a similar angle. For the three-well treatability test, grading will be
performed only for the three wells shown in Figure 9.2.

4, Procure and have delivered to the site vacuum pump, downhole pumps,
vapor condenser, oil/water separators, air and water treatment carbon
canisters, and storage tanks. The operation of the treatability wells will
require an oil-water separator, vacuum pump, two liquid storage tanks,
carbon canisters and a thermal oxidation unit for treatment of extracted air,
and an air-cooled heat exchanger for the vapors from the extraction wells. A
second small oil-water separator will be installed on the liquid line exiting
the liquid-vapor separator (see Figure 8.8). These equipment items will be

procured and delivered to the site.
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10.

11.

12.
13.

Install three injection/extraction wells. Continuous soil samples will be
recovered during the installation of the injection/extraction wells. Three
injection/extraction wells will be fabricated (as shown in Figure 8.8) and
installed. Pilot borings will be drilled using a hollow stem auger with soil
samples recovered continuously using a split-spoon sampler. The borings
will then be reamed to 15 inches using reverse circulation drilling
techniques. The wells will then be installed with number 2/12 sand packing
except for grout plugs at the surface and above the depth of the metal plate
separating the injection region of the well from the upper extraction region.

Analyze three soil samples from each boring for TRPH, BTEX, semi-
volatile organic compounds (SVOC:s), pesticides, and metals.

Develop injection/extraction wells to improve hydraulic communication with
the water-bearing materials.

Analyze a groundwater sample from each injection/extraction for water-
bearing materials for TRPH, BTEX, SVOCs, pesticides, and metals.

Conduct pumping tests to determine the transmissivity of the water-bearing
materials.

Install 13 temperature observation wells. The temperature observation wells
are to be installed by percussion insertion techniques at the locations shown
in Figure 8.2. The temperature wells will be constructed from 2-inch
diameter pipe to allow temperature readings at six thermocouple locations,
and continuous temperature logging from inside the well.

For ERT purposes, seven electrode wells containing one electrode strand
each will be installed using a cone penetrometer and surface electrodes will
be emplaced in the ground surface as shown in Figure 8.5. One to two
resistivity measurement sets will be made prior to steam injection;
approximately one measurement per week will be made during injection; and
about two will be collected after injection.

Survey all well locations and elevations.

Install surface containment system. For the treatability test, grading will be
performed only for the three wells as shown in Figure 9.2, with the surfaces
covered with two types of surface containment. The eastern slope, which will
be covered with gravel, will have plastic sheeting laid over the gravel layer
and sealed with temperature and hydrocarbon resistant glue or caulk to form
an air tight plastic layer capable of withstanding one hundred degrees
Celsius. The plastic sheet will then be covered with a six-inch thick layer of
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clean soil to provide insulation. The western slope will be covered with a
sandwich of flat steel sheeting on top and corrugated steel sheeting on bottom
riveted together with one-half inch spacers in between as shown in Figure
9.2. The steel sheeting will be supplied to the site as panels to be assembled
and connected with caulk and rivets to form an air-tight cover. Because the
injection/extraction wells will be in place when the surface containment
system is laid, both the plastic and steel coverings must be cut to form
around the wells and sealed at these openings. :

14. Hook up vacuum lines, compressed air lines, and steam lines to wells. The
steam inlets to the wells will be connected to the steam line at the manifold
using steel pipe and rubber hose as appropriate. Orifice plate flow meters
will be installed two feet from the well head and fitted with electronic
differential pressure transducers for flow rate calculation. The extraction
ports from the wells will be connected to the vapor extraction and liquid
treatment systems using hose or pipe as appropriate. Compressed air will be
connected to the downhole pump gas inlet port using high pressure hose or
piping.

15. Operate treatability test system and collect operational samples for a period
of 30 days. Steam will be injected into one well while fluids are pumped
from the other two wells for a period sufficient to bring the oil-laden soil to
steam temperatures. The radius of influence of the steam from the well is to
be determined by monitoring subsurface temperatures. Then, the steam will
be cycled between wells in a manner that optimizes vapor recovery and oil
pumping rates. Operation will be under daily direction from the Project
Manager or designee.

16. Prepare a report summarizing the results of the three-well treatability test
and making recommendations for implementation of the 15-well pilot-scale
test, including any revisions to the planned design.

9.1.2Pilot-Scale Test

Assuming that the results of the three-well treatability test indicate that
continuation of the pilot scale study is viable, the 15-well pilot-scale test will be
implemented. This section describes the tasks that will be performed as part of

that test.

1. Produce the 100% design for the expansion to the pilot-scale test. The plans
will be used for construction of the surface containment system, temperature
monitoring wells, injection/extraction wells, electrode wells, equipment pad,
piping, and electrical systems by subcontractors. Equipment specifications
will be produced by sizing-up the three-well test data and evaluation of field
operation computer simulations, calibrated to the three-well performance.
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2.

I

Procure any additional or replacement equipment (i.e., downhole pumps,
vapor condenser, oil/water separators, air and water treatment carbon
canisters, and storage tanks) as needed to meet pilot-scale projected rates and
conditions.

. Survey the site as described for the three-well treatability study.

Grade site to provide appropriate drainage and install surface containment
system. The graded surfaces will be covered with the best of the two surface
containment systems tested during three-well operation, with potential design
improvements based on three-well field experience.

Install additional injection/extraction wells, develop and sample these wells as
described for the three-well treatability test.

Install additional temperature-monitoring wells for pilot-scale test as
described for the three-well treatability test.

Install additional electrode wells as described for the three-well treatability
test.

Install appropriate surface containment system.

Hook up vacuum lines, compressed air lines, and steam lines to wells. The
steam inlets to the wells will be connected to the steam line at the manifold
using steel pipe and rubber hose as appropriate. Orifice plate flow meters
will be installed two feet from the well head and fitted with electronic
differential pressure transducers for flow rate calculation. The extraction
ports from the wells will be connected to the vapor extraction and liquid
treatment systems using hose or pipe as appropriate. Compressed air will be
connected to the downhole pump gas inlet port using high pressure hose or

piping.

10. Operate pilot-scale test system and collect operational samples for a period of

11.

180 days or until recovery rates drop to sustained values less than 25 gallons
of oil per day. The process will be operated continuously for the 180-day
period, with steam injection alternating between various well. After the
contaminated zone within the pilot pattern reaches steam temperature, the
steam will be cycled between wells in a manner that optimizes vapor recovery
and oil pumping rates. Operation will be under daily direction of the Project

Manager or designee.

Conduct post-demonstration sampling to measure reduction in contaminant
levels.

BERKELEY ENVIRONMENTAL RESTORATION CENTER PAGE 21



PILOT-SCALE TREATABILITY WORK PLAN 6/30/95

12. Produce a final report on the performance of the pilot-scale treatability test.

13.

The report will contain sufficient data and analysis to support evaluation of
the use of SEE for full-scale cleanup including a summary of field conditions,
all analytical data obtained, and information illustrating optimum operating

conditions.

Produce 75% designs for the full-scale surface containment system,
temperature monitoring wells, injection/extraction wells, process equipment,
piping, and electrical systems. Equipment specifications will be produced by
sizing up pilot-scale test data and evaluating additional field operation
computer simulations calibrated to past field performance.

9.2 TIME LINE

The time tables and critical paths for the tasks outlined in Section 9.1 are
provided as Figures 9.3 through 9.5.

9.3 SITE SAMPLING AND ANALYSIS PLAN

Sampling and analysis will be performed during the implementation and
operation of the pilot-scale study for the SEE process at Site 13 to achieve the
following objectives:

Provide further characterization of the extent of chemicals and refinery
wastes identified in the soil at Site 13;

Characterize the hydraulic properties of the subsurface waste-bearing
zone;

Assess the performance of the prototype injection/extraction well design;

Monitor the performance of the SEE system and the above-ground
treatment  equipment to identify potential difficulties in above-ground

fluid treatment;

Provide an overall assessment of the technical feasibility of the SEE
process to restore Site 13; and

Characterize wastes for disposal purposes.

This sampling and analysis plan describes the field activities, sampling, and
analyses that will be performed to achieve the above objectives. Specific tasks that
will be performed are described in Section 9.1. The data obtained during the
pilot-scale study will be used to assess the effectiveness of the SEE process in
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reducing chemical concentrations in the waste bearing zone. Many field and
sampling procedures identified in this SAP are described in “Standard Operating
Procedures” dated June 1995, prepared by the BERC. These SOPs are in draft
form and are referenced in the SAP as appropriate. Draft versions of the SOPs
referenced are included in Appendix F, Supplemental Information. These SOPs
will be finalized and submitted under separate cover.

9.3.1 Additional Site Characterization

As discussed in Section 9.3, it will be necessary to conduct additional sampling to
characterize the extent of refinery wastes in the subsurface prior to locating the
three injection/extraction wells for the three-well treatability test. To achieve this,
cone penetrometer testing (CPT) and laser induced fluorescence for identifying
oil concentrations in soil will be used at a minimum of the 20 locations shown on
Figure 4.2 CPT and laser induced fluorescence methods are described below.

9.3.1.1 Cone Penetrometer Testing

CPT methods are described in SOP No. 10.2; soundings obtained at each CPT
location will include the friction ratio, friction resistance, and differential pore
pressure ratio to obtain information regarding subsurface lithology as well as
pore pressure to measure water pressure in the formation. At each location, CPT
soundings will be obtained to a maximum depth of 20 feet below ground surface.
Groundwater samples will not be collected. Upon completion of each sounding
and measurement of laser induced fluorescence, each CPT location will be
backfilled with a neat cement grout containing no more than five percent

bentonite.
9.3.1.2 Laser-Induced Fluorescence

Laser-induced fluorescence will be used to identify PAHs present in petroleum
hydrocarbons by their fluorescent response to excitation by ultra-violet light. In
situ measurements of the PAH levels will be obtained using an in situ
fluorometer equipped with two optical fibers, a timing circuit fiber, and the
downhole irradiation fiber. The PAH levels can be used to infer petroleum
hydrocarbon levels. This measurement method will provide a continuous vertical
profile of relative petroleum hydrocarbon concentrations identified through the

total depth of the CPT sounding.
9.3.2 Injection/Extraction Well Installation

The locations of the injection/extraction wells to be installed for the three well
treatability test will be selected on the basis of additional site characterization
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performed as described in Section 9.3.1, above. The wells will be located in the
areas where the highest petroleum hydrocarbon levels are identified. Expected
locations are shown on Figure 4.1. The location of the additional twelve wells to
be installed for implementation of the 15 well pilot-scale test will be selected on
the basis of the results of the treatability test. Methods planned for the installation
and sampling of injection/extraction wells during both stages of the pilot-scale
treatability study are described below.

9.3.2.1 Installation of Soil Borings

A truck mounted drilling rig equipped with eight-inch outside diameter hollow-
stem augers will be used to drill initial soil borings to a total depth of 25 feet bgs
for soil sample collection. Upon completion of soil sampling , the augers will be
removed from the boring and it will be reamed to a 15-inch diameter using
reverse circulation drilling techniques. During reaming, water will be added to
the boring to maintain hydrostatic pressure in the boring and control potentially
heaving sands. Drill cuttings will be contained in 55-gallon drums or a covered
roll-off bin and appropriately labeled for subsequent disposal.

9.3.2.2 Soil Sampling

Soil samples will be collected continuously from ground surface to total depth
using a two-inch diameter split spoon sampler lined with six-inch long precleaned
stainless steel or brass tubes. This soil sampling procedure is described in SOP
3.2. All recovered soils will be logged in the field and recorded on the boring
logs by the project geologist under the supervision of a registered geologist using
the Unified Soil Classification System (USCS).

Upon retrieval, each sample will be prepared for potential analysis. Each end of
the sample liner will be covered with aluminum foil or Teflon sheeting and the
liner will then be capped with a polyethylene lid, taped, labeled, and handled as
described in Section 9.3.11 .

9.3.23 Injection/Extraction Well Construction

The injection/extraction wells will be constructed as indicated on Figure 8.3.
Well construction methods are described in SOP 8.1 and in more detail below.
The casing will consist of eight-inch diameter blank carbon steel with two
screened intervals constructed of 304 stainless steel with 0.02 inch openings
installed at four to 14 feet and 19 to 24 feet bgs. The screen will be continuous
slot with V-type slot openings. The bottom of the casing will be completed with
welded or threaded bottom plug. The screened intervals will allow dewatering
from the upper screened interval and injection of steam from the lower portion.

BERKELEY ENVIRONMENTAL RESTORATION CENTER PAGE 24



PILOT-SCALE TREATABILITY WORK PLAN 6/30/95

A steel plate will separate the injection interval from the overlying pumping
interval.

The casing and screen will be installed directly into the boring. To complete the
wells, clean imported number 2/12 clean silica sand will be poured into the
boring and will extend to the top of the deepest screened interval. A five foot
thick seal of hydrated 3/8 inch bentonite pellets will then be placed opposite of the
blank casing. Above this, clean imported number 2/12 silica sand will be
emplaced to the top of the uppermost screened interval. These well completion
materials will be emplaced through a tremie pipe.

After the uppermost filter pack has been installed, a sanitary seal consisting of 3/8
inch diameter bentonite pellets will be emplaced and hydrated. The remainder of
the annular space will be filled with a neat cement grout containing no more than
five percent bentonite. A six inch concrete pad will be constructed around the
well head. A water tight locking cap will temporarily be placed on the well head
until pumping and injection equipment is installed and the well is hooked up to

the treatment system.
9324 Well Development Methods

At least 48 hours after completion, the wells will be developed by the drilling
contractor using a surge block and bailer. Well development procedures are
described in SOP 8.2. A field geologist will observe the field activities and
monitor water quality parameters during development. The water quality
parameters to be monitored include temperature, pH, and specific conductance.
Purging will continue until all three parameters have stabilized and the purge
water is relatively free of sediment or there is no observable change in the
amount of sediment in the purge water. A minimum of three well volumes of
liquid will be removed and purge water will be contained on-site in DOT-
approved 55-gallon drums and appropriately labeled.

9.3.2.5 Water Level and Product Thickness Measurements

Prior to groundwater sample collection, the static water level and product
thickness in each monitoring well will be checked at least 24 hours following
development. These procedures are described in SOPs 5.1 and 5.2, respectively.
Samples will be inspected in the field for presence of odor or sheen in addition to
the above evaluation. Both water level and product thickness measurements are

measured to the nearest 0.01 foot.
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9.3.2.6 Groundwater Sampling Methods

Groundwater sampling methods are described in SOP 9.1. Prior to sampling, the
well will be purged using a pump to remove a minimum of three and a maximum
of 10 well volumes of liquid. The pH, specific conductance, and temperature of
the purge water will be closely monitored, and purging will continue until all
three parameters have stabilized. If a well does not recharge fast enough to
permit purging three well volumes, the well shall be pumped or bailed dry and
sampled as soon as the water level has recovered to 80 percent of the original
level. The purged water will be stored on-site in 55-gallon DOT-approved drums

and appropriately labeled.

Groundwater samples will be obtained in a disposable polyethylene bailer. Water
samples will be poured directly from the bailer into the sampling bottles specified
in Table 9.1 for each analytical method. Samples for analysis of volatile organic
compounds will be collected in 40 milliliter glass vials with Teflon lined lids. No
head space will be present in the sample container when it is capped. All
groundwater samples will be labeled and handled as described in Section 9.3.11 .

9.3.2.7 Laboratory Analyses

Three soil samples from the depths of two, seven, and 12 feet bgs in each boring
and one ground water sample from each well will be analyzed at a Navy certified
laboratory for TRPH, BTEX, SVOCs, pesticides, and metals by the analytical
methods specified in Table 9.2. The numbers of samples to be analyzed is
summarized in Table 9.3. The remaining soil samples will be taken by BERC
engineers for additional tests at UCB labs. The sampling intervals selected for
analysis include a sample from the vadose zone and the interval where the highest
chemical concentrations were identified during the SCAPS project at Site 13

(PRC, 1994a).
9.3.3 Hydraulic Testing

To identify the transmissivity of the water bearing materials, a single well
pumping test will be conducted in each injection/extraction well installed during
the three-well treatability study. The tests will be performed by pumping the well
at a constant rate and obtaining appropriate water level measurements during
pumping of the well as well as during recovery to measure drawdown and
recovery of the water levels. Drawdown data will be analyzed using the Jacob
time-drawdown method to calculate the transmissivity of the water-bearing

materials.
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9.3.4 Temperature Monitoring Well Installation

To monitor temperatures at the injection point, temperature monitoring wells
will be installed adjacent to each of the injection/extraction wells installed during
the pilot-scale treatability study. To monitor temperature changes within the
remainder of the treatment area, 13 temperature monitoring wells will be
installed for the three-well treatability test and 30 temperature monitoring wells
will be installed for the 15-well pilot-scale test. Estimated locations for these
wells are shown on Figures 8.1 and 8.2.

The planned well construction is shown on Figure 8.6. The wells will be installed
by pushing 2-inch outside diameter carbon steel schedule 40 pipe directly into the
soil to a total depth of approximately 25 feet below ground surface using van-
mounted percussion insertion techniques. The casing will be completed with a
two-inch NPTF cap at the bottom and the well head will be completed with a
weatherproof T-Type thermocouple terminal box. T-Type shielded stainless steel
thermocouple wire with beads spaced every four feet will be installed inside the

casing for temperature monitoring.
9.3.5 Electrical Resistance Tomography

Seven electrode wells will be installed each containing one strand with five
regularly spaced electrodes. Between each well pair, ten surface electrodes will
be emplaced for a total of 60 surface electrodes.

9.35.1 Surface Resistivity Survey

Surface resistivity measurements will be obtained before the electrode wells are
installed. For this survey, four metal stakes will be driven approximately six
inches into the ground in a linear array. Each stake will be electrically connected
to a data acquisition system that transmits a current of about 0.5 amps through the
transmitting electrodes and measures a voltage potential through the receiving
electrodes. The apparent resistivity is then calculated from an equation based on
the voltage received. This information will be used to determine the size of the
electrodes needed for the electrode wells.

935.2 Electrode Well Installation

Electrode wells will be installed using a cone penetrometer. The cone and a
hollow push rod will be pushed into the ground and a strand of five regularly
spaced electrodes will be lowered into the push rod. The push rod will then be
pulled from the ground leaving the cone and the electrode strand in the ground.
A schematic of the electrode well is shown on Figure 8.6. Following electrode
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installation ten surface electrodes will be permanently emplaced between well
pairs along the lines indicated on Figure 8.5. Data from the surface electrodes
and the electrode wells will be used to create two dimensional vertically oriented
resistivity tomographs. A minimum of one set of resistivity measurements will
be made before steam injection to collect base line data, set up the measuring
system, quantify measuring noise, and trouble shoot the system.

9.3.6 Operational Monitoring

During operation of the three-well treatability test and the pilot-scale test, a
BERC engineer or technician will monitor the performance of the system. The
engineer or technician will ensure that the system is operating within established
parameters or make adjustments to attain compliance with operating parameters.

The specific data requirements needed to determine the progress of the
advancement of the steam front and the progress of the cleanup include both
temperature, electrical resistance, flow rates, and concentration data. The
temperature data will be used to determine the rate at which the steam is flowing
through the contaminated region. Electrical resistance data will be used to map
the subsurface progress of steam injection. The steam flow rates and the
concentrations of hydrocarbon compounds in the effluent steams will be used to
determine the progress of the steam stripping of the volatile and semi-volatile
compounds from the subsurface. In addition, the effluent of the water treatment
system will be sampled to determine that the effluent water quality meets the
necessary requirements for discharge. A summary of operational samples that
will be collected is presented in Table 9.4 .

9.3.6.1 Influent and Effluent Sampling

During operation of both phases of the pilot-scale treatability study, effluent from
the wells will be pumped directly to the water treatment system installed for the
pilot-scale treatability study. Influent water sampling will provide an
measurement of the amount of hydrocarbons being removed by the system.
Effluent water sampling will provide a demonstration that the discharge
requirements of the base water treatment plant are being met. Discharge
limitations for the water treatment plant are included in Table 9.5.

At the startup of operations during each phase of the pilot scale study, the influent
and effluent of the system will be sampled daily for one week and the samples
will be analyzed for TRPH, BTEX, SVOCs, and pesticides by the analytical
methods identified in Table 9.2. To demonstrate compliance with requirements
for discharge to the base water treatment plant, effluent samples will also be
analyzed for arsenic, cadmium, chromium, copper, cyanide, iron, lead, mercury,
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nickel, oil and grease, pH, phenolic compounds, silver, total identifiable
chlorinated hydrocarbons, zinc, and total toxic organics by the methods identified
in Table 9.2. Depending on the results of the sampling, the sampling frequency
and number of analyses may be reduced after one week after consultation with
the Resident Officer in Charge of Construction (ROICC) and the operator of the

base water treatment plant.
9.3.6.2 Temperature Measurements

An infrared thermocouple will be utilized to obtain a continuous temperature
profile at each temperature observation well twice daily. The infrared probe will
be lowered at a constant rate into the temperature observation well and the
temperatures will be sent to a Macintosh-based computerized data collection
system. Plots of temperature versus depth will be generated every one to three
days to monitor the location of the steam and heated zones around the

injection/extraction wells.
9.3.6.3 Electrical Resistivity Measurements

Weekly resistivity measurements will be made using the electrode wells and
surface electrodes during operation of the SEE system to generate a two-
dimensional, vertically oriented resistivity tomograph for mapping progress of
the steam.

9.3.64 Flow Rate Measurements

The flow rate measurements are needed in order to determine the steam injection
rates and the rate at which the petroleum hydrocarbons are being removed from
the subsurface. Steam flow rate will be measured using orifice plates and
differential pressure measurements. The steam flow rate will be logged twice
daily, or automatically in electronic form using a Macintosh-based computerized

data acquisition system.

Total pumped liquid flow rates will be obtained by stroke counters on downhole
pumps, and individually measured stroke volumes. Stroke volumes will be
measured on a weekly basis throughout SEE operations. Liquid volumes exiting
the oil/water separators will also be measured using totalizing meters and logged
twice daily to calculated pumping rates.

Accurate measurements of the amount of energy injected into the subsurface as
steam will be needed to accurately estimate the energy that is used to heat up the
subsurface. The measurement of the temperature and the total volume flow rate
of both liquid and vapor phases is also required to determine the amount of
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energy removed from the system as well as to estimate the total volume of
hydrocarbons removed.

9.3.6.5 Pressure Monitoring

The pressure of air in the air injection line will be measured to control the
pressure of the compressed air injected to drive the submersible pumps installed
in the injection/extraction wells.

The steam pressure of the steam injection line will be measured to control the
steam injection pressure at the well head.

The vapor pressure of the vapor mixture in the vapor extraction line will be
measured to monitor the vacuum pressure in the extraction lines. Pressure before
and after the vacuum blower are measured to monitor the operations condition of

the vacuum blower.
9.3.7 Post-Demonstration Sampling

At the completion of the pilot-scale test, resistivity measurements will be made
using the electrode wells and surface electrodes to generate a two-dimensional,
vertically oriented resistivity tomograph. Soil samples will also be collected and
laboratory analyzed to identify the level of chemicals left in the soil. A total of
five soil borings will be drilled for collection of soil samples. The locations of the
borings will be determined after information on the shape of the steam zone can
be infrared from the temperature profiles and the resistivity tomographs. The
borings will be located in the areas where the highest petroleum hydrocarbon
levels were previously identified.

9.3.7.1 Installation of Soil Borings

A portable, hydraulically driven soil coring system will be used to collect
continuous soil samples to a total depth of 25 feet below ground surface for soil
sample collection. This method utilizes two nested sampling rods that are driven
simultaneously. The small-diameter inner rod is used to obtain and retrieve
sample cores. The larger rod serves as a temporary drive casing to prevent
caving into the boring. Upon completion of soil sample collection, each boring
will be backfilled with a neat cement grout containing no more than five percent
bentonite. No soil cuttings will be produced using this drilling method.
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9.3.7.2 Soil Sampling

Soil samples will be collected continuously from ground surface to total depth in
1-1/2 inch diameter by six-inch long precleaned stainless steel or brass tubes
using a sample barrel attached to the inner rod which is advanced during drilling.
All recovered soils will be logged in the field by the project geologist, under the
supervision of a registered geologist, using the Unified Soil Classification System
(USCS).

Upon retrieval, each sample will be prepared for potential analysis. Each end of
the sample liner will be covered with aluminum foil or Teflon sheeting and the
liner will then be capped with a polyethylene lid, taped, labeled, immediately
placed in a cooler and handled as described in Section 9.3.11 .

93.73 Laboratory Analyses

Seven soil samples from the depths of two, four, six, eight, 10, 12, and 14 feet in
each boring will be analyzed at a Navy-certified laboratory for TRPH, BTEX,
SVOCs, and pesticides by the analytical methods specified in Table 9.2. The
remaining soil samples will be taken by BERC engineers for additional tests at
UCB labs. A larger number of samples are being taken for post-demonstration
sampling to demonstrate whether chemicals from the steamed zone have migrated

upwards.

9.3.8 Decontamination Procedures

All sampling and downhole drilling equipment will be decontaminated prior to
and between uses to minimize the potential for the introduction of off-site
contaminants as well as cross contamination of samples. All sampling equipment
will be decontaminated by washing with a solution of tap water and non-
phosphate detergent such as Lacunas or equivalent. Next, the equipment will be
rinsed in succession with tap water, isopropanol, and deionized water. All
downhole drilling equipment will be steam-cleaned. Decontamination of drilling
and downhole equipment is described in SOP 6.2. Wastewater generated during
decontamination will be contained in DOT-approved 55-gallon drums and

appropriately labeled.
9.3.9 Quality Assurance/Quality Control Procedures

Flow rate, temperature, mass of waste removed, and pressure readings will be
taken in a manner that is representative of UCB scientific standards. Discharge
compliance measurements will be supported by independent analytical analysis.
Our goal is to maintain £10% accuracy on all mass and energy balances, which
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will require calibration diligence, backup of critical data acquisition systems, and
extensive subsurface temperature measurements.

Quality assurance/quality control (QA/QC) procedures that will be followed for
this project are addressed in the Contractor Quality Control Plan included in
Appendix B. This section identifies the field QA/QC samples that will be
analyzed.

Field QA/QC samples to be collected and analyzed are addressed in SOP 18.1.
The following QA/QC samples will be collected during soil and groundwater
sampling. Only trip blanks will be prepared during operational monitoring. The
planned number of QA/QC samples for each sampling event and the planned
analyses for each sample are summarized in Table 9.2.

. Trip blanks will be analyzed for BTEX. One trip blank will be prepared
for each cooler of soil or groundwater samples to be analyzed for BTEX;

. Equipment rinseate samples will be analyzed for the same parameters as the
soil or groundwater samples being analyzed. A minimum of one equipment
rinseate sample per week will be prepared. Rinseate samples collected
during soil sampling will be prepared by collecting the final rinseate from
the soil sampling equipment. Rinseate samples collected during
groundwater sample collection will be prepared by pouring ASTM Type 11
deionized water into the disposable bailers and then into the appropriate
sample containers;

. Field blanks will be analyzed for the same parameters as the soil or
groundwater samples being analyzed. One field blank will be prepared
from each source of decontamination water used during each sampling
event by pouring the water directly into the appropriate sampling
containers;

. Field duplicates of groundwater samples will be analyzed for the same
parameters as the groundwater samples. Field duplicates are collected at an
approximate rate of ten percent of the groundwater samples. No duplicate
soil samples will be collected.

9.3.10 Waste Disposal

Waste materials to be disposed of during both phases of the pilot-scale treatability
study include drill cuttings, decontamination fluids, purged well water, recovered
free product, and spent carbon canisters from the water treatment system.
Disposal of these items is discussed in this section.

BERKELEY ENVIRONMENTAL RESTORATION CENTER PAGE 32



PILOT-SCALE TREATABILITY WORK PLAN 6/30/95

9.3.10.1 Soil

Drill cuttings generated during well installation will be containerized and left on-
site at the end of each day in DOT-approved 55-gallon drums or roll-off bins.
Selection of the appropriate disposal method for the cuttings will be based on the
analytical results for soil samples from the borings.

9.3.10.2 Wastewater

Wastewater will be generated during the decontamination of the drilling and
sampling equipment; well development and groundwater sampling activities; and
hydraulic testing. The wastewater will be collected and stored in DOT-approved
55-gallon drums, and treated with the water treatment system installed for the
pilot-scale treatability study. After treatment by oil/water separation and activated
carbon, the wastewater will be discharged to the base water treatment plant.

9.3.10.3 Free Product

Free product will be accumulated in the oil/water separators or DOT-approved
S5-gallon drums, depending on the recovery rate. Free product from the
separators will be pumped directly into a vacuum truck by a licensed commercial
service and transported to a licensed off-site facility for disposal or recycling. If
the drums are used, they will be transported by a licensed hauler to a licensed
off-site facility for disposal or recycling.

9.3.10.4  Spent Carbon Canisters

Spent carbon canisters will be picked up by a licensed waste hauler and
transported to a licensed facility for regeneration.

9.3.11 Sample Handling and Analysis

Sample handling procedures are described in SOP 2.1. Upon collection, each
sample will be labeled according to the specifications contained in SOP 17.1 and
numbered in accordance with SOP 17.2. After collection, each sample will be
placed in a seam-sealing polyethylene bag and excess air will be removed.
Samples will be placed in a cooler with crushed or cubed ice contained in a
double-bagged self-sealing polyethylene bag. The samples will be picked up daily
by the laboratory or delivered daily to the laboratory by field personnel using
proper chain-of-custody procedures described in SOP 1.1. Documentation of
final disposition of all samples collected will be provided to the Navy.
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9.3.12 Surveying

Prior to any grading, existing ground surface elevations will be surveyed on a
20-foot grid. Existing soil borings, existing groundwater monitoring wells, and
all wells installed during the pilot-scale treatability study will be surveyed to the
nearest 0.01 foot and the location will be surveyed to the nearest 0.10 foot.
Surveying procedures are described in SOP 23.1.

10. PROJECT MANAGEMENT

A program and project organization chart for the pilot-scale treatability study is
presented on Figure 10.1. As indicated on the chart, UCB will be responsible for
providing program management for the overall partnership agreement with the
U.S. Navy. UCB has subcontracted to E2 Consulting Engineers, (E2) to provide
project management services for the pilot scale treatability study at Site 13. The
responsibilities of each of the positions identified on the organization chart are

described in Section 2 of the CQCPP.

During implementation of the study, BERC will provide initial design documents
which will be finalized by E2 or a subcontractor to E2. Many field activities will
be conducted by BERC and subcontractors to E2 with oversight by E2 who has a
California registered geologist on staff. E2 will procure equipment and
subcontract to other firms for construction and maintenance of the pilot scale
treatability system. BERC will collect operational samples during both phases of
the study. E2 and BERC will jointly be responsible for report preparation.
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Table 9.1 Required Containers, Preservation Techniques, and Holding Times

t

Analysis ___ Containers Preservation  {Maximum Holding Time
Soil Water

BTEX 4 0z.jar| 40 mL vial |<4°C, pH<2 HCl 14 days
SvOC 4 oz. jar| 1 L. amb. glass |< 4°C 7/40 days1
Metals 4 oz. jar| 250 mL plastic |pH<2 HNO, 6 months
Mercury 4 oz. jar| 251 mL plastic [pH<2 HNOj3 28 days
Pesticides 4 oz. jar| 1 L amb. glass |< £°C, pH 5-9 40 days
Cyanide 4 oz.jar| 1L plastic |{pH >12 NaOH 14 days
Oil & Grease 4oz.jar| 1Lglass |<4°C,pH<2HCI 28 days
pH 4 oz. jar| 125 mL plastic [none req. asap
TIC(volatile) 40z jar| 40mLvial |<4°C 14 days
TIC(semi-volatile) |4 oz. jar| 1 L amb. glass |< 4°C 7/40 days
TTO(volatile) 4oz.jar| 40mLvial |<4°C 14 days
TTO (semi-volatile)| 4 oz. jar| 1 L amb. glass |< 4°C 7/40 days
TRPH 4oz.jar| 1Lglass |<4°C, pH<2 HCl 28 days

1.
soil/water



Table 9.2 Analytical Methods

Method number

Analysis Soil Water
BTEX 8240 625
SVOC 8270 625
Metals 6010 6010
Mercury 7471 7470
Pesticides 8080 8080
Cyanide 9010 335
Oil & Grease 5520 e&f 5520 b&f
pH 9045 9040
TIC(volatile) 8240/826 624
TIC(semi-volatile) 8270 625
TTO(volatile) 8240/826 624
TTO (semi-volatile) 8270 625
TRPH 418.1 418.1




Table 9.3 Summary of Required Analyses

Activity

Analysis

TRPH

BTEX

PESTICIDES

SVOCS

Metals

Three Well Treatibility Test

Injection/extraction wells

soil samples

groundwater samples

tripblanks

equipment rinsate

field blanks

field duplicates
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Fifteen Well Pilot Scale Test
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Post-Steaming Sampling

soil samples
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equipment rinsate

field blanks

field duplicates

O || OJO

(o] IS Ll PN )

o =lOojo {w
(&) OOU'

(oR 1 1l ok (@

o oo |o




Table 9.4 Operational monitoring Frequency

Sample Type Frequency
Temperature (from the twice daily
temperature monitoring wells)
Flow rate twice daily
Pressure twice daily
Influent and Effluent Sampling daily’
Electrical Resistivity weekly

' Frequency to be revised after one week of sampling.
Analyses are specified in Section 9.3.6.1.



Table 9.5
DISCHARGE LIMITATIONS

Regulated Parameter Daily Maximum
Arsenic 2 mg/L
Cadmium 1 mg/L
Chromium 2 mg/L
Copper 5 mg/L
Cyanide (Total) 5 mg/L

Iron 100 mg/L
Lead 2 mg/L
Mercury 0.05 mg/L
Nickel 5 mg/L

Oil and Grease 100 mg/L

pH (not less than) 55 S.U.
Phenolic Compounds 100 mg/L
Silver 1 mg/L
Temperature 150 ° F (65.5° C)

Total Identifiable Chlorinated Hydrocarbons 0.5 mg/L
Zinc 5 mg/L

Total Toxic Organics 2.13 mg/L
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SEE LABORATORY TREATABILITY TEST ANALYTICAL
RESULTS

INTRODUCTION

Previous laboratory treatability tests of the applicability of SEE to
relatively low volatility hydrocarbon mixtures such as JP-5 fuel and coal
tars conducted at the University of California, Berkeley in the BERC
laboratory showed effective removal of those liquid compounds from soils.
There are questions whether SEE would be effective in removing the waste
oil from the Site 13 soils since the oil may be distillation column residues
and consists of very low volatility components. [f this is the case, then
steam distillation would not be cost effective for complete removal. The
potential extent of removal of the toxic components of the waste oil from
Site 13 soils by SEE, and the composition of the residual hydrocarbons are
of interest, however, since reductions in the concentrations of the most
volatile compounds may be enough to reduce potential health risks to
acceptable values. Furthermore, the acidic conditions at the site and metal
stability may be positively affected by the steaming process.

To better define the characteristics of the effluent liquids and residual
waste oil, a laboratory treatability test was conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and
effluent chemical analyses for the laboratory experiment are presented
below. An energy cost analysis is presented to show that complete
restoration of the site by steam distillation would be cost prohibitive, and
modest hydrocarbon recovery may be obtained at for energy costs in the
range of $20/yd’. Further laboratory treatability tests with significantly
less steam throughput volumes are recommended.

ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure A.1, the apparatus for the one-dimensional
treatability experiment consisted of a pair of metering pumps to deliver a
constant mass flow rate of distilled water, a steam generator to boil the
water into steam, a stainless steel pipe to hold the contaminated soil sample,
and an effluent collection jar maintained in an ice bath to minimize loss of
components from the effluent to the atmosphere.

8/5/9S Draft Page |
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The inlet and outlet of the sample holder had end caps which could
be unbolted and removed to pack and unpack the soil sample. These caps
had channels cut on their inner surface in contact with the soil to help
spread the injected steam across the entire inlet cross section of the sample
holder and reduce the end effects of the one-dimensional experiment. In
addition to these channels, three-hundred and twenty-five mesh stainless
steel screens were attached to the inner surfaces of the end caps to
encourage uniform spreading of the steam over the sample holder cross
section and to prevent the grains of soil in the sample from escaping the
sample holder. :

The stainless steel sample holder was wrapped with heater tape and
insulated. During injection, this heater tape was set to a constant supply
power to offset the heat loss through the insulation, maintaining a constant
temperature along the length of the tube and thus producing an adiabatic
environment. Thermocouples were mounted at the steam inlet tubing, the
upstream end of the soil sample, the downstream end of the soil sample,
and the outlet tubing. Teflon tubing was used to carry all fluids into and
out of the system. The outlet tubing was long enough to allow the effluent
to cool to near room temperature before it entered the effluent collection
bottle. Because flow rates were low, usually one meter (3.3 feet) of tubing
was a sufficient length.

When the effluent flow rate was too high to condense all of the steam
in the effluent tube, a condenser stage was added to the outlet tubing
between the outlet of the stainless steel piping and the effluent collection
jar.

SOIL SAMPLE PREPARATION

Soils were taken from contaminated regions of Site 13 using a hand
auger. -The soil was chilled to reduce hydrocarbon vapor pressures and
mixed in a clean Pyrex tray to uniformly distribute the waste oil
throughout the sample. One sample was sent to an outside laboratory for
analysis for total extractable hydrocarbon (TEH) concentrations,
polyaromatic hydrocarbon (PAH) concentrations, and metal concentrations.

Contaminated soils were packed into the stainless steel sample holder
by alternately adding a few centimeters of soil and compacting with a large
wooden dowel to reduce void spaces in the pack. The thermocouples
situated within the soil were inserted during packing. Packing continued
until enough material was in the sample holder to require slightly
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compressing the end cap when it was bolted into place. This compression
‘minimized the voids created during settling of the sand pack. Such voids
were undesirable since they compromised the homogeneity of the one-
dimensional sand pack and may lead to uneven steam flow.

STEAM INJECTION PROCEDURE

After packing the sample holder with contaminated soil as described
in the sample preparation section, the metering pumps were set to provide
a constant water flow rate of 38 ml/hr. *~Previous experiments on tarry
compounds more volatile than those suspected at Site 13 show that a
contaminant level of 10,000 mg/kg can be removed to a level exceeding
99% in about two weeks. Based on these results, we expected to conduct
the treatability tests for two to three weeks depending on effluent fluid
characteristics. If the effluent liquid had no visible liquid hydrocarbon as
floating product or emulsion, and the effluent had no odor, the experiment
would be concluded. Since the contaminant concentrations removed by
steam were highest during the first part of injection, sampling was more
frequent in the early stages of the experiment in order to have better
resolution of initial contaminant removal. All of the effluent coming from
the sample holder was collected into sample bottles according to the
following regime:

Table A.1. Sampling Schedule

Sample Time Cumulative Time
Begin (day) (day)
Injection
Sample 1 0.04 0.04
Sample 2 0.04 0.08
] Sample 3 0.04 0.13 -
) Sample 4 0.04 0.17
Sample 5 0.04 0.21
Sample 6 0.12 0.33
Sample 7 0.17 0.50
Sample 8 0.17 0.66
Sample 9 0.17 0.83
Sample 10 0.34 1.17
Sample 11 0.33 1.50
Sample 12 0.35 1.85
Sample 13 0.31 2.16
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Sample 14 0.52 2.67
Sample 15 0.48 3.15
Sample 16 0.52 3.67
Sample 17 0.49 4.16
Sample 18 .1.00 5.16
Sample 19 1.00 6.16
Sample 20 1.00 7.16
Sample 21 1.00 8.16
Sample 22 1.00 9.16
Sample 23 1.00 10.16
Sample 24 1.00 11.16
Sample 25 1.00 12.16
Sample 26 1.00 13.16
Sample 27 1.04 14.20
Sample 28 1.06 15.26
Sample 29 9.82 25.08
Sample 30 1.02 26.10
Sample 31 1.04 27.14
Sample 32 1.00 28.14
Sample 33 1.02 29.16
Sample 34 0.72 29.88
Sample 35 1.06 30.95
Sample 36 0.99 31.93
Sample 37 1.01 32.94
Sample 38 1.00 33.94
Sample 39 1.04 34.97
Sample 40 1.05 36.03
Sample 41 0.96 36.99
Sample 43 0.95 37.94
Sample 44 1.00 38.94
Sample 45 0.99 39.93
Sample 46 0.97 40.90
~- | Sample 47 1.05 41.95
Sample 48 0.97 42.92
Sample 49 1.00 43.92
Sample 50 1.02 44 .94
Sample 51 0.99 45.94

While this regime provided small samples of effluent allowing
detailed analysis of effluent concentrations during the first few hours of
injection, it gave large samples of effluent later in the experiment when
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concentrations were low and changing slowly. To minimize sample
degradation, an ice bath surrounded each bottle while collecting the
effluent. As each bottle filled, it was sealed with a Teflon cap and placed in
a refrigerator at 4 °C (+ 2 °C) or an ice bath to prepare for transport to
the analytical laboratory.

The pressure in the sample holder was cycled throughout the
injection using a timer on a solenoid valve at the outlet end of the sample
holder. The valve functioned to close the outlet for one hour and open it
for thirty minutes while maintaining steady steam flow into the inlet. With
the valve closed steam pressures rose to 207 kPa gage (30 psig). Then the
valve was opened to depressurize the system over about two minutes.
Cycling in this way first increased the pressure and temperature of
contaminants in the sand pack and then caused the contaminants to vaporize
as the ambient pressures returned to normal. This process increased the
contaminant concentrations in the effluent by mobilizing contaminant
trapped in less accessible regions such as crevices between sand grains.
During steam cycling, the effluent tube was. placed in an ice bath to
condense the effluent before it reaches the sample bottle.

On the sixteenth day of steaming, the steam generator developed a
leak. The experiment was temporarily shut down and the test cell was
flooded with water, capped and refrigerated. While the steam generator
was being repaired, the test cell remained in the refrigerator for a period
of nine days. When the cell was removed, a leachability study was
performed. Water which had been placed in the test cell and allowed to
equilibrate with the residual contaminants was flushed out using nitrogen
gas. Sample 29 consisted of this collected effluent. Steaming resumed with
Sample 30. :

QUALITY ASSURANCE/QUALITY CONTROL

The one dimensional bench study followed the quality assurance and
quality control procedures outlined in the Quality Assurance/Quality
Control Plan. In addition, all water injected into the sample holder was
distilled and then boiled to reduce the amount of dissolved gas. All tubing
used to carry the water and effluent was made of Teflon in order to avoid
contamination by interaction with the tube material. To minimize the
chance of system contamination, the system remained closed throughout the
experiment except for the necessary introduction of water to the metering
pumps and the changing of the sample bottles.
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All sample bottles were prepared by washing with nonphosphate
detergent followed by multiple tap water and distilled water rinses. After
washing, the bottles were oven-dried and sealed with Teflon caps. Sample
bottles were kept in an ice bath while the effluent was being collected to
keep the temperature low and minimize potential losses due to evaporation.
Filled sample bottles were capped with a Teflon cap and placed in either a

refrigerated space or into a cooler containing ice to maintain temperatures
at4 °C (£ 2 °C).

Each cooler contained a method blank consisting of distilled water
from the same source as that used in the metering pumps. The method
blank should have indicated any contamination in the preparation, storage,
and transportation of the samples. All samples were packed with foam and
ice prior to transportation. All samples were sent for analysis within the
prescribed holding time. Each cooler contained a chain of custody form
and was sealed with custody tape.

LABORATORY SAMPLE ANALYSIS

The soil and effluent samples were sent to Curtis and Tompkins, Ltd.
Analytical Laboratories (Berkeley, CA) for chemical analysis. The soil
samples taken from the site were analyzed for TEH (EPA method 8015),
PAH (EPA method 8270) and metals (EPA method 6010). Effluent
samples were analyzed for TEH (EPA method 8015), PAH (EPA method
8270) and pH (EPA 9040). Table A.2 below summarizes the samples
analyzed and the methods employed.

Table A.2. Samples Analyzed and Methods Employed

TEH PAH Metals pH
(Method 8015) | (Method 8270) | (Method 6010) | (Method 9040)
Original Soil N N
Post-Steam Soils #1-9 \ N
Effluent #1 N J
Effluent #2-41,43-50 N
Effluent #51 N N
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RESULTS
Untreated Soil Analytical Results

The untreated soil was heavily contaminated with crude oil-like
petroleum hydrocarbons in concentrations of 32,000 ppm in the diesel and
motor oil range. Longer and shorter chained hydrocarbons outside of the
diesel and motor oil range are not included in the analysis, and thus the
actual concentration was larger. As shown in the Method 8015
chromatogram (Figure A.2) and the Method 8270 chromatogram (Figure
A.3), the distribution of hydrocarbons is spread from retention times of 5
min. to 30 min., which corresponds to straight-chain hydrocarbons from
Cl14 to C44 (see Figure A.4: carbon range standard, Figure A.5: diesel
standard, Figure A.6: motor oil standard).

The PAH analysis (EPA Method 8270) showed all compounds of
concern to be below detection limits; however the detection limits of
individual components were quite high (50 ppm to 250 ppm). Thus, no
conclusions can be drawn regarding the presence or absence of compounds
of health concern.

The metal analysis (EPA Method 6010) showed moderate levels of
Chromium (20 mg/kg), Copper (110 mg/kg), Lead (38 mg/kg), Nickel (21
mg/kg), and Zinc (57 mg/kg).

Post-Steam Soil Analytical Results
While there was a dramatic compositional change in the waste oil
after being subjected to steam flow, the actual concentrations remained

high in the motor oil range as shown in Table A.3. The location of each
sample is-referenced to the distance from the test cell outlet:
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Table A.3. Soil Hydrocarbon Concentrations

LAB ID Sample ID Diesel Range Motor Oil Range
(mgkg) (mghg) |
121413-001 SO 12,000 20,000
121413-002 Sl@1” 1,600 25,000
121413-003 S2@2” 1,500 30,000
121413-004 S3@3” 490 30,000
121413-005 S4@4” ND(300) 23,000
121413-006 SS@5” ND(400) 12,000
121413-007 S6@6” ND(930) 21,000
121413-008 S7@7” ND(930) 35,000
121413-009 S8@8” ND(1,900) 33,000
121413-010 S9@9” ND(880) 36,000

The chromatograms for the steam soil (Figures A.7-A.15) show
interesting trends of the preferential removal of the shorter retention time
hydrocarbons (more volatile) and anomalous peaks in the 14 min. to 18
min. range near the inlet and outlet of the test cell (S9 and S1). These
peaks are presumed to be due to vapor fluxes inside the test cell due to heat
losses at the endcaps.

The metal analysis (EPA Method 6010) of all soils, presented in
Table A.4, showed no appreciable change in the levels of Beryllium,
Cadmium, Chromium, Copper, Lead, or Nickel. Mercury was detected in
the untreated soil, but not in the treated soils. Since mercury is a relatively
volatile metal, its removal, and thus presence in extracted fluids, is
expected. Arsenic and Zinc concentrations may also have been reduced by
the steaming process.

Table A.4. Soil Metals Concentrations

Arsenic Beryllium Cadmium Chromium Copper Lead Mercury Nickel  Zinc
(mig/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg) (mg/kg) (mg/kg)|
SO 1.50 0.16 0.3 20 110 38 0.13 21 57
Si@1”] 0.80 0.13 0.33 20 94 60 ND(@0.4) 21 49
S2@2”] 0.69 0.15 0.33 21 38 0 ND@.1) 20 33
S3@3”| 0.82 0.13 0.3 18 75 100 ND(0.1) 20 18
S4@4”} 0.67 0.14 0.32 21 130 70 ND(0.1) 21 22
S5@5”Y 0.77 0.13 0.29 19 130 61 ND(0.1) 20 19
S6@6”} 1.00 0.15 0.3 21 110 72 ND(0.1) 22 26
S7@7’] 0.99 0.14 0.28 21 54 55 ND(.1) 21 32
S8@8”| 0.83 0.14 0.33 24 49 83 ND(@.1) 21 33
S9@9”1 0.83 0.15 0.38 25 42 71 ND(0.1) 21 32
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Effluent Liquid Analyses

The effluent analyses results (EPA Method 8015) are summarized in
Table A.4. The concentrations are highest in the first 12 samples, and
decrease significantly thereafter. Also reflected in these numbers is the
trend of increasing retention times of the hydrocarbons found in the
effluent with the time of steaming. This trend shows up in the shift from
compounds in the diesel range to the longer retention time motor oil range.
The numbers reported, while self-consistent, are not fully representative of
the effluent concentrations due to the limited range of the diesel and motor
oil standards.
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LABID Sampie ID Diesel Range Motor Oil Range

(mg/kg) (mg/kg)
121433-001 E-1 23 ND(16)
121433-002 E-2 3.400 ND(1,300)
21433-003 E-3 110 ND(16)
21433-004 E-4 33.000 ND(3.100)
21433-005 E-5 2.100 ND(300)
21433-006 E-6 2,100 ND(250)
21433-007 E-7 3.200 ND(830)
21433-008 E-8 D00 - ND(180)
21433-009 E9 .700 ND(170)
21433-010 E-10 6.600 ND(830)
21433-011 E-11 2,200 ND(480)
21433-012 E-12 4.800 ND(480)
21433-013 E-13 80 ND(13)
21433-014 E-14 180* ND(S7)
21433-015 E-15 S60* ND(150)
21433-016 E-16 220* ND(140)
21433-017 E-17 340* S6*
21433-018 E-18 230* 300*
21433-019 _E-19 110* 120*
21433-020 E-20 65* 46*
21433-021 E-21 68* 49%
21433-022 E-22 S1* 39*
21433-023 _E-23 48* 36*
21433-024 E-24 34* 30*
21433-025 E-25 20* 63*
21433-026 E-26 23* 22%
21433-027 _E-27 19* 17*
21433-028 E-28 38* 25%
21433-029 E-29 4.1* ND(16)
21433-030 E-30 18* 16*
21433-031 E-31 42%* 27*
21433-032 E-32 18* 6*
21433-033 E-33 8.8* S*
21433-034 _E-34 14* 20*
21433-035 E-35 8.8% 36*
21433-036 E-36 7.9% 39*
21433-037 _E-37 6.4* 30*
21433-038 E-38 4 8% 37*
21433-039 E-39 4.5% 37*
21433-040 E-40 4.7* 44*
21433-041 E-41 3.8% 39*
21433-042 E-43 9.2%* 60*
21433-043 E-44 4.1% 35%
21433-044 E-45 14* 29%*
21433-045 E-46 0.92* 29*
21433-046 E-47 2% 25%
21433-047 E-48 A* 24*
21433-048 E-49 A* 23*
21433-049 E-50 2.3* 40*
21433-050 E-51 2.2% 23*

*Sample chromatogram does not resemble hydrocarbon standard.
8/5/95 Draft Page 10
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The chromatograms corresponding to the analyses presented in Table
A.4 are summarized in Figure A.16, while the individual chromatograms
are presented in Figures A.17 - A.66. Figure A.16 is a three-dimensional
representation of the detector response as a function of retention time for
each analyses, stacked in depth to show trends with respect to sample
number (time). Figure A.16 clearly shows the shift in composition with
sample number from shorter retention time components at the beginning,
to longer-chained, greater retention time compound at the later stages of
the treatability test. It is also clear from this plot that the bulk of the
recovered hydrocarbon mass was removed during the first fraction of the
experiment.

Cumulative Mass Removed

The cumulative mass removed was calculated by multiplying the total
concentrations of hydrocarbons (diesel range plus motor oil range values)
by the total mass of liquid in the effluent sample, and summing all sample
hydrocarbon mass values. The cumulative mass.removed was thus found to
be 9 grams. The trend with cumulative steam condensate recovered is
plotted in Figure A.67. As shown in Figure A.67, most of the
hydrocarbon mass was removed during the first fifth of the experiment.
Thereafter, the mass removal rate was small due to the low volatility of the
compounds remaining in the soil. It is of note that the removal rates
during the later parts of the experiment were comparable to those that
might be expected during isothermal groundwater pumping.

pH Analyses

pH analyses were performed on E-1 and E-51. Since the volume of
water drained from the test column after 9 days of refrigeration (E-29)
was small, insufficient water was available to perform EPA Method 9040.
Enough water was available to test pH using litmus paper-however, and that
value ispresented in the following table along with those of E-1 and E-51.

Table A.6. pH of Effluent Fluid

Sample ID pH
E-1 2.1
E-29 6-7*
E-51 6.3

*yalue obtained from litmus test

8/5/95 Draft Page 11
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From these analyses, it appears that the steaming process increases
the pH of the water in equilibrium with the waste oil for very acid

‘conditions to neutral values. This pH neutralization seems to occur early in

the steaming process than later.
ENERGY COST ANALYSIS

The result of the treatability test show decreasing recovery rates with
time as the more volatile compounds are first removed and the less volatile
compounds remain. Extrapolation of the data and trends to extremely long
times indicates that a substantial fraction of the hydrocarbon mass may be
removed, but at the cost of very large steam volumes. To bring these
results to a form - appropriate for field-scale evaluation, the steam
condensate mass is normalized to the test cell pore volume, defined as the
internal volume of the test cell multiplied by the soil porosity. Since the
porosity of the highly contaminated soil could not be measured, it is
assumed to be 40% for the purpose of analysis. The fraction of the initial
hydrocarbon mass that was removed during .the steaming process was
calculated from the mass of hydrocarbon remaining in the soils after
steaming plus the total mass of hydrocarbon removed during the steaming
process since the original concentration of hydrocarbons in the unsteamed
soil is considered to be less reliable than the post-steaming concentrations
or cumulative hydrocarbon mass removed. From the calculation of the
initial mass, the hydrocarbon concentration in the unsteamed soil is
estimated to be 45,000 mg/kg. A plot of the fraction of original
hydrocarbon mass removed vs. the number of pore volumes of steam
condensate collected is provided in Figure A.68. Note that Figure 67 and
68 have the same basic shape. Since the steam distillation rate drops off
exponentially for long-term steam distillation, the fraction of oil removed
for condensate pore volumes greater than 20 will not vary significantly
from those shown for soil concentrations less than 50,000 mg/kg.

The energy cost per unit volume of soil for the steaming process is
proportional to the pore volumes of steam injected which is linearly related
to the pore volumes of steam condensate. The costs can thus be calculated
from the following equation which was derived from a energy and mass
balances.

$/yd® = $/MBtu x (pore volumes condensate) x .7555

The factor .7555 is the porosity (0.4) multiplied by the water density (62.3
Ibm/ft’) multiplied by the difference between the steam enthalpy and the

8/5/95 Draft Page 12
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inlet water enthalpy (1.1228 x 10~ MBtw/lbm), and the conversion factor

between cubic feet and cubic yards (27 ft'/yd).

Using the equation above, the energy cost associated with a given
fraction of hydrocarbon recovery can be obtained from the data of Figure
A.69. The analysis was performed for two energy costs, one with quoted
steam costs at Alameda ($13.52/Mbtu) and the other for field SEE
operation at LLNL during the summer of 1993 ($2.5/Mbtu). Figure A.69
can be used to estimate the expected cost for recovering a specified fraction
of the hydrocarbon mass from soil contammated with oil at a concentration
of 45,000 mg/kg. As shown in the figure, 25% of the oil mass can be
removed for about $20/yd’ in energy cost if commercial rates for an
energy source are paid. However, Alameda steam costs would be over
$100/yd’ for the same level of removal.

While this analysis is based on the composition and assumed
concentration of the oil in this single soil sample, its implications are clear.
First, complete removal of the hydrocarbon phase from this site by steam
distillation would be prohibitively expensive. Second, mobilization and
capture of the liquid oil will be much more effective in removing oil mass
than steam distillation. Third, if pH reduction is considered to be a
priority function of the in situ cleanup of this site, then steam injection of
relatively short duration may be valuable. Indeed, the expectedly low pH
of site water may be responsible for the very small microbial populations
observed in the oil-free soils sampled thirty feet from the location of the
hydrocarbon laden soil used in these treatability tests. Thus pH reduction
maybe necessary before biodegradation reactions can occur to any
significant extent.

CONCLUSIONS

Based on this laboratory treatability test, Steam Enhanced Extraction
alone will-not be capable of removing the low-volatility components of the
waste oil without exorbitant energy costs. Up to 25% of the waste oil may
be removed from the soil for a commercial energy cost of $20/ yd’ of
treated soil. SEE does have the ability to restore the soil water to neutral
pH from an initial effluent sample pH of 2.1, and reduced the aqueous
phase hydrocarbon concentrations by a factor of 5.6 at a point half way
through the treatability test.

8/5/95 Dratt Page 13
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RECOMMENDATIONS

While the results of this treatability test were not entirely positive,
the information gleaned from the study has been very valuable in knowing
the limits of field performance, both economic and effectiveness. Within
those limits, there is much value to be gained in the restoration of this site
through the application of SEE. Particularly, the removal of the most
volatile fraction of the hydrocarbon mass, and the restoration of the site to
neutral pH may be possible at modest cost. These changes may have
sufficient effect on contaminant mobility and future hydrocarbon
biodegradation rates to allow the process to meet cleanup needs without
further processing. Thus, it is recommended that an additional short
duration treatability test be run to assess the effect of SEE on the
leachability of the hydrocarbons and PAH’s, if present, and the pore water
pH. These tests are to be run in accordance with the Laboratory
Treatability Study section of this work plan, with modifications as specified
in the following section.

AMENDMENTS TO LABORATORY TREATABILITY WORK
PLAN

After the contaminated soils are placed in the core-holder and before
steam injection begins, the core-holder will be flooded with distilled, de-
ionized and de-aerated water, and sealed. After a period of 5 days to allow
thermodynamic equilibrium conditions to become established, the water
will be drained from the core-holder, split into two samples, and sent to
two independent analytical laboratories to assess for total petroleum
hydrocarbon concentrations (against crude oil, diesel, and motor oil
standards), PAH concentrations, pH, and metal concentrations. These
analysis will be used as the baseline for the assessment of the leachability of
the contarmnants from the affected soils.

Steam will be injected for a period of 50 hours allowing for 10 pore
volumes of steam condensate and displaced water to be collected in 10
effluent sample containers.

At the end of the steam injection treatability study, the core-holder
will be slowly cooled to ambient temperature, and again flooded with
distilled, de-ionized and de-aerated water. After a period of 5 days to allow
thermodynamic equilibrium conditions to again become established, the
water will be drained from the core-holder, split into two samples, and sent
to two independent analytical laboratories to assess for total petroleum

8/5/95 Draft Page 14
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hydrocarbon concentrations (against crude oil, diesel, and motor oil
standards), PAH concentrations, pH, and metal concentrations. The
comparison between the pre-steam and post-steam concentrations of the
various compounds of concern in the drained water will provide a direct
measure of the impact of steam injection on the reduction of the mobility
of potentially toxic compounds, and thus the degree of reduction of risk of
future exposure through groundwater pathways.
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SEE LABORATORY TREATABILITY TEST ANALYTICAL
RESULTS

INTRODUCTION

Previous laboratory treatability tests of the applicability of SEE to
relatively low volatility hydrocarbon mixtures such as JP-5 fuel and coal
tars conducted at the University of California, Berkeley in the BERC
laboratory showed effective removal of those liquid compounds from soils.
There are questions whether SEE would be effective in removing the waste
oil from the Site 13 soils since the oil may be distillation column residues
and consists of very low volatility components. If this is the case, then
steam distillation would not be cost effective for complete removal. The
potential extent of removal of the toxic components of the waste oil from
Site 13 soils by SEE, and the composition of the residual hydrocarbons are
of interest, however, since reductions in the concentrations of the most
volatile compounds may be enough to reduce potential health risks to
acceptable values. Furthermore, the acidic conditions at the site and metal
stability may be positively affected by the steaming process.

To better define the characteristics of the effluent liquids and residual
waste oil, a laboratory treatability test was conducted. The apparatus,
sample preparation procedures, steam injection schedule, and soil and
effluent chemical analyses for the laboratory experiment are presented
below. An energy cost analysis is presented to show that complete
restoration of the site by steam distillation would be cost prohibitive, and
modest hydrocarbon recovery may be obtained at for energy costs in the
range of $20/yd’. Further laboratory treatability tests with significantly
less steam throughput volumes are recommended.

ONE-DIMENSIONAL EXPERIMENTAL APPARATUS

As shown in Figure A.l, the apparatus for the one-dimensional
treatability experiment consisted of a pair of metering pumps to deliver a
constant mass flow rate of distilled water, a steam generator to boil the
water into steam, a stainless steel pipe to hold the contaminated soil sample,
and an effluent collection jar maintained in an ice bath to minimize loss of
components from the effluent to the atmosphere.

8/5/95 Draft Page |
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Relative HC Detector

Figure A.16. Effluent Liquid Chromatograms for the 1-
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Figure A.67. Petroleum Removed vs Effluent Mass
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Fraction Petroleum Removed

Figure A.68: Petroleum Removed vs Pore Volumes Condensed
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Figure A.69. Cost of Steam vs. Fraction Oil Removed
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1.  INTRODUCTION

This Contractor Quality Control Plan provides project planning for the pilot-scale
treatability study at Site 13 Naval Air Station (NAS) Alameda. It includes
appropriate procedures necessary to ensure the collection of quality data during the
pilot-scale treatability study.

The Contractor Quality Control Program Plan (CQCPP) describes general quality
assurance/quality control (QA/QC) procedures to be followed for the partnership
agreement between the University of California at Berkeley (UCB) and the U.S.
Navy. Standard procedures to be followed for the project are described in the
Standard Quality Procedures (SQPs) and the Standard Operating Procedures
(SOPs). Copies of the tables of contents for both documents are attached at the end

of this appendix.

2. ORGANIZATION AND RESPONSIBILITIES

The project organization for the pilot-scale treatability study is discussed in Section
10 of the Work Plan. Responsibilities for each project position are discussed in
Section 2 of the CQCPP. The E2 project organization is shown in Figure B-1, and
resumes of the key personnel are attached at the end of this appendix.

3.  QUALITY CONTROL MANAGEMENT

Requirements for quality control management are provided in Section 3 of the
CQCPP.

4. PERSONNEL TRAINING AND QUALIFICATIONS

Requirements for personnel training and documentation of qualifications are
provided in Section 4 of the CQCPP.

5.  INSTRUCTIONS, PROCEDURES, AND DRAWINGS

Requirements for instructions, procedures, and drawings are provided in Section 5
of the CQCPP.
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6. DOCUMENT CONTROL AND RECORDS MANAGEMENT

Requirements for document control and records management are provided in
Section 6 of the CQCPP.

7.  PROCUREMENT

Requirements for procurement activities are provided in Section 7 of the CQCPP.

8. DATA QUALITY OBJECTIVES

This section describes the development of environmental investigative activities to
assure that data quality objectives (DQOs) are appropriate and consistent with the
intended end use of the data.

DQOs have been developed in response to specific technical and planning
objectives for Site 13 NAS Alameda. The type and quality of data required to
implement investigative or remedial activities will continue to be defined, as
necessary. The scope, level of detail, and verification for the design and planning
documents will be site-specific.

8.1 DATA QUALITY OBJECTIVES DEVELOPMENT PROCESS

The DQO process will be an iterative process integrated with other project
planning operations. The DQO development will consist of a three-phase process
consisting of:

» Phase 1: Identification of Project Objectives
« Phase 2: Identification of Data Users/Needs
» Phase 3: Design of Data Collection Program

The DQO process is intended to assure that data collected are sufficient,
appropriate, and of adequate quality for their intended use. In the event the
evaluation of the data indicates that the information collected in insufficient to
meet the project objectives, the DQO process shall be reimplemented and refined
so that future sampling and analyses will provide the requisite support to meet the
project objectives. Such reimplementation and refinement is considered a normal
part of the development process. The complexity of the site and the initial
information available will determine the number of times the DQO process is

reimplemented/refined.
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The development and documentation of the DQO process is the responsibility of
the Project Manager, Contractor Quality Control (CQC) Manager, and technical
personnel; this is one of the first actions taken for the pilot-scale treatability study.

8.1.1 Phase 1 - Identification Of Project Objectives

During Phase 1, the project objectives are defined and clarified with the Navy and
information is collected to determine the following:

» presence or absence of contamination;

+ types of contaminants;

« concentrations and distribution of contaminants;
« contaminant release mechanisms;

- contaminant transport pathways;

« boundaries of sources and pathways;

« environmental/public health concerns; and

« potential remedial solutions.

This information has been collected and is presented in the Work Plan at a level of
detail sufficient for a pilot-scale study.

The Project Manager is the designated decision maker during the DQO process. In
this role, he/she is responsible for coordinating among and between the Navy,
UCB, government officials, technical personnel, subcontractors, and other parties
who may be affected by or involved with site activities and conditions.

The Project Manager also identifies the appropriate technical staff for the project to
gather all necessary information for the pilot-scale treatability study, including
results of previous investigations, reports, records of permits, releases and disposal,
manufacturing or disclosure information, as well as maps and field notes. This
information collection and review is performed to determine whether the quality
and quantity of available information is sufficient and comprehensive enough to
support the development of the pilot-scale treatability study. Missing information
is identified and information requirements are established in Phase 2.

The Project Manager is responsible for determining whether project activities are
proceeding on-track and are consistent with established sampling strategies and

regulatory requirements.
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8.1.2 Phase 2 - Identification Of Data Users/Needs

The DQO process implemented during Phase 2 defines data users and the types of
data needed to fill any data insufficiencies identified during Phase 1. A list of
actions that address the needs of the environmental data collection activities is
developed and, at a minimum, includes the following:

(a) Identify data uses — Data for the pilot-scale treatability study include additional
site characterization, monitoring during implementation of the pilot-scale
treatability study, and post-operation site characterization.

(b) Identify data types — The data types to be obtained are identified in Section 6
of the Work Plan.

(c) Identify data quality levels — The required data quality levels for the project are
Level I and Level I1I. A description of each level is as follows:

Level I: Field screening or analysis using portable instruments. Results are
often not compound-specific and not quantitative, but results are real-time.
This screening will be performed for health and safety purposes as described
in the Site Health and Safety Plan (SHSP) and for monitoring purge water
during groundwater monitoring well development and groundwater

sampling.

Level III: All analyses performed in an off-site laboratory. For this project,
Level III analyses will not use Contract Laboratory Protocol (CLP)

procedures.

(d) Identify data quantity needs — Estimates of the number of samples required to
meet the objectives of each sampling activity during the pilot-scale treatability
study are presented in Section 9.3 of the Work Plan.

(e) Evaluate sampling/analysis options. The sampling and analysis plan is
presented in the Work Plan.

8.1.3 Phase 3 - Design Of Data Collection Program
The data collection program for the pilot-scale treatability study is presented in the

sampling and analysis plan, Section 9.3 of the Work Plan. ARARSs are not
provided because this is not a full-scale remediation process.



8.2 SAMPLING AND ANALYSIS PLAN

The Site 13 sampling and analysis plan includes the data collection requirements
and describes the objectives of the sampling efforts, ultimate use of the data, data
quality requirements, sampling protocols and procedures, types, locations,
frequency of sample collection, and reporting requirements.

9.

FIELD ACTIVITIES

Operations to be conducted during the implementation of the pilot-scale treatability
study include:

[ ]

Additional site characterization for locating injection/extraction wells. This
will include cone penetrometer testing and laser-induced fluorescence.

A survey of the site to determine ground elevations and reference-existing
wells and prior soil borings.

Grading of the site to prepare drawings from surface covering system.
Installation and development of injection/extraction wells with associated soil
and groundwater sampling; water and product level measurements; and steam
and hydraulic testing.

Installation of temperature monitoring wells.

Installation of surface electrode and electrode wells.

Installation of surface containment system.

Construction of the treatment system and hook-up to the injection/extraction
wells.

Conducting water influent and effluent sampling.
Obtaining temperature, electrical resistivity, and flow rate measurements.
Waste sampling (soil, water, free product).

Preparation of 100% design for the expansion to full pilot scale.
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 Preparation of a final report on the performance of the pilot-scale treatability
test.

« Preparation of 75% designs for full-scale surface coverings and wells.
Further descriptions of each of these tasks are provided in the Work Plan.
9.1 SITE WALK AND PERMITTING

Before initiation of any field activities, the project superintendent will review
available maps, plans, and drawings to identify potential buried, surface, or
overhead hazards in the area planned for the pilot-scale treatability system. Site
access and security requirements will be determined as required. The objectives of

the site walk will be to:

« Evaluate site safety considerations (utility locations, health and safety
concerns).

« Identify boring and well locations and available access.
» Identify the locations of areas to store equipment to be used during the project.

» Identify the location of areas to be used to store drill cuttings, water, and other
wastes pending disposal.

« Discuss the field activity sequence and schedule as they relate to security
needs, NAS Alameda operations, project operations, and subcontractor access

requirements.

« Obtain necessary permits or approval of state, county, or NAS Alameda
authorities.

9.2 SAMPLING OBJECTIVES

Representative samples will be collected during the pilot-scale treatability study in
order to ascertain the viability of the Steam Enhanced Extraction (SEE) process as
a cost-effective in situ remedial method for remediation of hydrocarbon
contaminated soils. The representativeness of each sample will be ensured by
reducing potential sources of contamination or bias that may be introduced by
sampling equipment, ambient conditions, handling, and/or sample preservation
techniques. Field personnel responsible for collecting samples during field
activities at Site 13 will follow prescribed protocols and the requirements of the

B-9



SOP, SQP, and sampling and analysis plan presented in Section 9.3 of the Work
Plan while collecting samples.

9.3 FIELD AND SAMPLING EQUIPMENT

Several different pieces of equipment and field supplies will be used to support the
pilot-scale treatability study. Required equipment includes but is not limited to:

Heavy equipment for grading the site

Drilling equipment

Sampling equipment (i.e., split barrel, pumps, bailers)
Sampling containers (i.e., brass sleeves, VOAs)
Decontamination supplies

Waste storage containers (i.e., Baker tanks, drums)
Field screening equipment (i.e., PID, pH meters)
Personal protective equipment.

The sampling equipment selected for use during the pilot-scale treatability study
will be constructed of materials that will not react with or contaminate the samples
collected through its use. Unless otherwise specified, the sample containers used
will be precleaned according to EPA protocols. In order to minimize the
decontamination of sampling equipment, where permitted, sampling equipment
made of disposable materials may be used and discarded following its use.

Decontamination of all reusable sampling equipment used during this project will
be performed initial use on-site and between each use at distinct sample locations.
Sample equipment decontamination procedures are described in the sampling and
analysis plan of the Work Plan and SOPs.

9.4 FIELD SAMPLING AND WELL INSTALLATION METHODS

Field sampling and well installation methods are presented in Section 9.3 of the
Work Plan.

9.5 QUALITY CONTROL SAMPLES

QA/QC samples will be collected and analyzed throughout the field and laboratory
phases of this project. QA/QC samples collected in the field will include
duplicates, equipment rinseate blanks, and trip blanks. QA/QC samples analyzed
by the contract laboratory will consist of duplicates, matrix spikes, matrix spike
duplicates, and method blanks. QA/QC samples will be taken in accordance with
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the SOP 18.1. The description of these samples follow and the anticipated number
of each field QA/QC samples type is specified in Section 9.3 of the Work Plan.

Rinseate Blank — Samples consisting of ASTM Type 2 reagent water collected
from a final rinse of sampling equipment after the decontamination procedure
has been performed. One equipment rinseate will be collected per week of
sampling and analyzed for the same parameters as the samples being collected
for the treatability study; equipment rinseate samples will be collected from the
cleaned brass sample used for soil liner sampling and the disposable
polyethylene bailers used for groundwater sampling. Equipment rinseate
samples will not be required during collection of operational monitoring
samples because the samples will be collected directly into the sample

containers.

Trip Blank — Samples consisting of a pair of "clean" volatile organic analysis
(VOA) vials filled with ASTM Type 2 water. These vials are prepared by the
laboratory, travel to the field site, and are returned to the laboratory for storage
and analysis along with the field samples. The trip blank data will demonstrate
whether the samples were exposed to contamination during storage and
transport to the laboratory. Trip blanks will be analyzed for VOA; therefore,
the containers must not contain any head space. One trip blank per week of
sampling will be prepared and analyzed for BTEX. One trip blank will also
accompany each shipment of operational monitoring samples. Matrix spike/
matrix spike duplicates samples measure the accuracy and precision of the
analytical methods.

Replicate Samples (Field Duplicate, Matrix Spike, Matrix Spike Duplicate) —
Field duplicate samples provide data to access the precision of the sampling
methods. Duplicates of soil samples will not be collected. Field duplicates of
groundwater samples will be collected at a minimum frequency of 10% of the
samples collected and analyzed for the same parameters as the groundwater
samples. Duplicate samples will not be collected during collection of

operational monitoring samples.

Split Samples — No split samples will be collected during the pilot-scale
treatability study.

9.6 SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES

Sample collection, preservation, and holding times are addressed in the Work Plan.
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9.7 SAMPLE COLLECTION LOG

A sample collection log will be completed for each sample collected as specified in
the Work Plan.

9.8 SAMPLE CUSTODY AND DOCUMENTATION PROCEDURES

Evidence of collection, shipment, laboratory receipt, and laboratory custody until
disposal will be provided by the Project Manager. Documentation will be
accomplished through a chain-of-custody record, that lists each sample and the
individuals performing the sample collection, shipment and receipt. The chain-of-
custody will be implemented in accordance with SOP Section 1.1.

9.9 REPORTING

Upon completing the analysis of the samples, the laboratory will provide to the
Project Manager a written report on the results of the various tests performed for
each sample. Each report will contain the time and date that the sample was
analyzed, results of the analysis, reporting limits of each of the tests conducted, and

a laboratory QA/QC report.

10. ANALYTICAL ACTIVITIES

Analyses to be performed for this project are identified in the Work Plan and
laboratory procedures to be followed and addressed in Section 10 of the CQCPP.

The integrity and documentation of sample custody starts when cleaned and
preservative-prepared sample containers are shipped to the field under custody.
Samples shipped to laboratories from the field are received by the sample
custodian. Upon receipt in the laboratory, the integrity of the shipping container is
checked by verifying that the custody seal is not broken. The internal cooler
temperature will be measured by means of a temperature blank. Sample containers
will be verified against the chain-of-custody. Chain-of-custody forms will be
checked for accuracy and completeness, and receipt conditions are documented on
the chain-of-custody. If the samples and documentation are acceptable, each
sample container is assigned a unique laboratory identification number from the
laboratory. If the samples, documentation, or coolers are not acceptable, the
Project Manager should immediately be notified to correct any problems.
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11. REPORT PREPARATION AND DATA REDUCTION/VALIDATION
Requirements for preparation of reports are provided in Section 11 of the CQCPP.

This section describes the approach to be used to reduce, validate, report, and
manage collected data. Accurate data reduction, validation, and reporting protocol
are necessary to interpret data and arrive at decisions. Standard methods that will
be used at Site 13 are described herein.

The data reduction procedures provided in SW-846, ASTMs, CLP, and other
specified methods or referenced in this plan will be followed where applicable.
These procedures specify the methods used to obtain and reduce analytical data
including calculations of method internal standard recoveries, surrogate recoveries,
response factors, peak identification, calibration curves, and sample results. If a
deviation from these referenced methods is made, the laboratory will be required to
document this change in the project case narrative section of the data package.

The data validation of the project analytical data will be an ongoing process that
will be performed by both the analytical laboratory generating the data and UCB's
Project Manager. The initial step of the data validation process will be performed
by the analytical laboratory. During this review, the calculations, QC sample data,
spike recovery, instrument performance indicators, and project specification will be
thoroughly inspected through peer level review prior to its release to the laboratory
Project Manager. Any problems or nonconformance issues encountered during the
analysis will be noted in the project case narrative that precedes each data package.
Where inexplicable variations appear, calculations will again be checked for errors
and the sample collection and analytical procedures reviewed to identify any
causes for the inconsistencies. All calculation errors will be corrected and
anomalies in the sampling or analytical procedures documented and reported in the
project analytical data package. The raw data will be QC reviewed for technical
correctness by the laboratory Project Manager before final printing. After the data
package has been completed, the transcription of 100% of the data is
verified/validated by the laboratory QC Manager. The laboratory QC Manager
will also review the data for conformance to the project data quality objectives.
The UCB Project Manager will be notified of any existing problems and will be
updated as conditions dictate. All data collected during the project will be
reviewed and flagged with the appropriate data qualifiers before reporting.
Detection limits will vary with sample types and levels of interferences associated
with the sample matrix. If anomalous results are obtained, every effort will be
made to identify any problems in the sample collection, sample preparation and/or
analysis that could have contributed to the anomaly. In the event any problems
have occurred, they will be reported and will include the results, along with the
appropriate qualifier and an estimate of the impact the problem may have had on
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the data. If the sample results do not conform to the data quality objectives, the
data will be thoroughly reviewed in order to identify any existing problems and the
sample analysis will be repeated if deemed necessary.

Following the analytical laboratory data review, the sample data will be submitted
to the UCB Project Manager.

12. REVIEW OF WORK ACTIVITIES

Requirements for review of work activities are provided in Section 12 of the
CQCPP.

13. INSPECTIONS

Requirements for inspections during the Site 13 project are provided in Section 13
of the CQCPP.

14. CALIBRATION AND MAINTENANCE OF MEASURING AND TEST
EQUIPMENT

Laboratory and field measuring and test equipment (M&TE) will be calibrated
prior to being used for the Site 13 project activities and at prescribed intervals
thereafter. Requirements for calibration and M&TE are provided in Section 14 of

the CQCPP.

15. TEST CONTROLS

Requirements for the controls to be implemented for the performance of the SEE
treatability studies for Site 13 are provided in Section 15 of the CQCPP.

16. NONCONFORMANCE CONTROL AND CORRECTIVE ACTIONS
Items, processes, and services that do not meet established requirements during the
treatability study activities will be identified and controlled. The need for

corrective actions occurs when a circumstance arises that has a negative impact on
the quality of the data generated during a project's activities.
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Nonconformance control and corrective action procedures for Site 13 are described
in Section 10.2 of the SQP and in Section 16 of the CQCPP.

17. CHANGE CONTROL

Change control and field work variance requirements are provided in Section 17 of
the CQCPP.

18. AUDITS AND SURVEILLANCE
Requirements for performance and system audits and surveillance are provided in

Section 18 of the CQCPP. The Division QA/QC Manager or the CQC Manager
will be responsible for audits and surveillance.

19. RECORDS MANAGEMENT
Records management, including the indexing, filing, and storage of the project

files, will be performed only by authorized personnel and maintained in a central
filing system. Requirements for records management are provided in Section 19 of

the CQCPP.

20. REPORTING

The reporting requirements for the treatability study at Site 13 include a Field
Activity Daily Log, a Field Work Variance Report, a Nonconformance Report,
Corrective Action Requests, and a Preparatory Inspection Report. Detailed
requirements for these reports are provided in Section 20 of the CQCPP.

21. DEFINABLE FEATURES OF WORK

The definable features of work are listed below. Each of these features is separate
and distinct and will require separate control measures. Tasks will include:

. Preparation of design drawings and specifications
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. Site mobilization:
- Perimeter fencing
- Project trailer
- Utility hook-up

. Survey and site grading

. Drilling and well installation

. Installation of well equipment

. Installation of surface containment system
. Installation of treatment equipment

. Operation of the system

. Laboratory analyses

22. REFERENCES

CONTRACTOR QUALITY CONTROL PROGRAM PLAN
STANDARD QUALITY PROCEDURES

STANDARD OPERATING PROCEDURES
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SQP NO. TOC

REVISION NO. 0
DATE: 03/16/95
PAGE 1 OF 1
TABLE OF CONTENTS
AND LOG OF REVISIONS
STANDARD QUALITY PROCEDURE

SOP No. Title Rev.
SQP 1.1 Contractor Quality Control Program 0
SQP 3.1 Project Self Assessment 0
SQP 3.2 Indoctrination and Training 0
SQP 4.1 Document Control 0
SQP 4.2 Records Management 0
SQP 5.1 Preparation, Revision and Approval of Plans

and Procedures 0
SQP 6.1 Preparation, Review and Approval of Procurement

Documents *
SQP 7.1 Quality Inspections and Inspection Records 0
SQP 8.2 Calibration and Maintenance of Measuring and Test

Equipment 0
SQP 9.1 Control of Tests *
SQP 10.1 Nonconformance Control 0
SQP 10.2 Corrective Action 0
SQP 10.3 Stop Work Order 0
SQP 11.1 Field Work Variance/Request For Information 0
SQP 12.1 Quality Audits 0
SQP 12.2 Management Assessment 0
SQP 12.3 Quality Surveillances 0

*NOTE: Procedures denoted by an asterisk are to be developed in the future.

Approved:

Approved:

Date:

Program CQC Manager

Date:

Program Manager

MZ/03-16-95/GOVT/SQP/SQP.TOC




SOP NO. TOC

SOP 1.1 Chain of Custody

SOP 2.1 Sample Handling, Packaging and Shipping

SOP 3.2 Subsurface Soil Sampling While Drilling

SOP 5.1 Water Level Measurements in Monitofing Wells

SOP 5.2 Nonaqueous Phase Liquid Measurement in Monitoring Wells
SOP 6.2 Drilling and Heavy Equipment Decontamination

SOP 8.1 Monitoring Well Installation

SOP 8.2 Monitoring Well Development

SOP 9.1 Groundwater Sampling

SOP 10.2 Cone Penetration Testing and Hydropunch Groundwater Sampling

SOP 17.1 Sample Labeling

SOP 17.2 Sample Numbering
SOP 18.1 Field QC Sampling
SOP 19.1 On-Site Sample Storage
SOP 23.1 Land Surveying

w TABLE OF CONTENTS
AND LOG OF REVISIONS
STANDARD OPERATING PROCEDURE
SOP No. Title Rev

NOTE: THESE ARE DRAFT SOPS IN THE PROCESS OF BEING FINALLIZED. ALL
REFERENCES TO DELIVERY ORDER MANAGER WILL BE CHANGED TO PROJECT

MANAGER.

MZ/03-21-95/GOVT/SOP/SOP.TOC 1
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FRED R. PORTA
Marketing Director/Chief Engineer

P

i

Education

MBA, Stanford University, 1960).
BS, Architectural Engineering, Kansas University, 1958.

Professional Registrations

Registered Civil Engineer, California, 1967, No. 17642.
Security Clearance, DOE “Q” (Inactive)

Experience

Fred Porta has more than 30 years of experience in project management, engineering design,
estimating, marketing, and administration. As chief engineer with E2, Mr. Porta is re-
sponsible for providing marketing services, project administration, and project management
services. Previously, as a vice president with Kal Krishnan Consulting Services, Mr. Porta
served as project manager and corporate sponsor for various government projects and
managed the marketing activities. With ICF Kaiser Engineers he was a project manager,
marketing manager, and project engineer.

Project manager for a task order contract to provide scheduling support services in
conjunction with the $25-million Construction Package V - Building 132 at Lawrence
Livermore National Laboratory. The services include CPM scheduling, quality assur-
ance audit analysis, and computer-aided drafting and design and drafting (CADD)
support. The Building 132 is an office/laboratory complex which includes sophisticated
clean/dry labs, chemistry labs, and secured office space.

Project manager for indefininte delivery/indefinite quantity task order engineering and
construction management services contract for the U.S. Coast Guard in California,
Washington, and Oregon. Assignments included engineering and biennial assessment of
Group San Francisco facilities; inspection of underground storate tank removal (UST)
removals; survey and structural analysis of Piers 36/37 in Seattle; inspection of pier
rehabilitation in San Diego; design of renovation to the station buildings and family
housing units in Oxnard; HVAC upgrades in San Diego; planning and design of security
and fire alarm systems at Alameda and Bolinas; and design of a hanger deluge system at
San Diego.

Project manager for “on-call" value engineering studies for the California Department of
Transportation (Caltrans) District 11. The services include evaluating highway design

projects and construction administration procedures throughout District 11.

Planned and coordinated various projects for street paving, signalization, parking lots,
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—

plus traffic, safety and planning studies while assigned to Lawrence Livermore National
Laboratory. Also prepared staff reports and studies, findings, and determinations, and
coordinated with outside consultants and local agencies. Helped coordinate the NEPA
documentation for the civil planning activity.

Managed a $5-million A/E services contract, including planning, design, and inspection
services for laboratory and research facilities in 8 states for the U.S. Department of
Agriculture Research Service. Work included renovation of the 50-year-old Albany
laboratories and several asbestos surveys and development of asbestos removal plans,

Managed design of a 450-bed Hilton Hotel in Jeddah, Saudi Arabia. (Architectural and
structural design and coordination of subconsultants was done in London.) Also was
administrative manager for various architectural projects, including a worldwide expan-
sion program for Sheraton Hotels and design of eight new medical facilities for Kaiser
Foundation Hospitals.

Performed design and project administration engineering services on various projects for
U.S. Department of Energy (DOE) nuclear facilites at Richland, Washington; Los
Alamos, New Mexico; and Livermore, California. Project included disposal/storage of
high and low level wastes, special nuclear materials storage building, and support
services.

Managed various tasks that included clean rooms, environmental and production facility
modernization at the IBM disk manufacturing facility in San Jose, California. Work
included conceputal design and detail design of a system for removing sub-micron
aluminum/alumina from the industrial waste water system and for compacting flam-
mable aluminum dust and chips removed from the ventilation system, and pilot plant
testing.

Prepared successful proposals for various major projects, including the On-site Archi-
tect-Engineer/Construction Services at DOE's Hanford Works, the Superconducting
Super Collider, and task order A/E services for the General Services Administration in
Washington, DC, and at the Lawrence Livermore and Los Alamos National Laboratories.

Managed energy conservation projects at Lawrence Livermore National Laboratory, the
VA Hospital at Livermore, and the Kaiser Foundation Hospital in Santa Clara. Provided
administrative engineering serives for industrial environmental control projects in
Pennsylvania, Missouri, and California. These projects included fume and dust control
systems for 10 electric furnaces and a blooming mill not scarfer, lead blast furnace, and
a periclase plant.

Oversight for the Phase II Environmental Survey for a BART Warm Springs Extension
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project, including data collection, gencration of documentation, including the project
final report.

«  Oversight for the 1-880 freeway project repair and modifications to the extension from
Oakland to Fremont, California.

»  Provided staff estimating for the Hyperion Full Secondary wastewater treatment facility
for the City of Los Angeles.

« Prepared quantity takeoffs on the renovation and addition of the historic Kendall Hall
housing the Fine Arts Department and Theater building at Trenton State College, New
Jersey. Facilities included the theater, auditorium, change rooms, rehearsal halls, and
administration offices. Addition was designed to match older portions of the facility.

« Managed various commercial and institutional projects, including the planning, environ-
mental impact assessment, and design of the Kings County Government Center in
Hanford, California. Also planned and designed the $6-million addition to the Kings
County court facilities. The project included evaluation of renovation the historic Kings
County Courthouse and the County Hospital Buildings.

e Provided planning and design services for the $15-million modernization of the commu-
nications and high-voltage power distribution systems at the University of California at
Berkeley. Earlier, managed physical and environmental studies for modernization and
renovation of 30 older buildings at University of California at Berkeley.

e Managed planning and structural design of the Alameda County Court and Detention
Center facilities in Oakland and Hayward, California. Project included court rooms,
detention cells, judge's chambers, jury rooms, and support facilities.

e Performed inspection at factory of fabricated transition sections for the ventilation
system for the Los Angeles Metro Rail project.

» Responsible for cost control, contract administration, and administrative support, hospi-
tal planning, interior design, and design of eight new medical facilities for Kaiser
Foundation Hospitals, including the 12-story, 480-bed tower structure above an existing
hospital in Oakland; a 200-bed medical center in San Diego; a 100-bed addition to the
hospital in Bellflower; a 200-bed medical center with facilities for 86 doctor's offices in
West Los Angeles; a 5-story addition to provide 281 beds, a 2-story clinic to house 125
doctor's offices, and the 88,000 sq. ft. medical office building in Sacramento; and a
130,000 sq. ft. medical office building in Santa Clara.

E2 CONSULTING ENGINEERS, INC. 3




MARY LUCAS McDONALD

Geologist

r—

Education

B.A., Geology, Carleton College, 1981.
Professional Registration

Registered Geologist, California, 1992, N 0. 5506.
Professional Training

OSHA 40-hour Health and Safety
Experience

Ms. McDonald is the E2 project manager for the underground storage tank removal and
building demolition at a MacArthur Station site for the BART Hazardous Materials Pro-
grams; and the tank removal at the Balboa Park maintenance yard and the drum disposal at
the Kirkland bus yard for the San Francisco Municipal Railway.

Previously with Harding Lawson Associates, Ms. McDonald was project manager for the
CERCLA investigation of Hunter's Point Annex in San Francisco. Technical tasks included
the assessment of soil and groundwater at 16 identified sites within the facility; preliminary
assessments of 44 sites and implementation of site inspections at two; planning of removal
actions at three sites including air modeling to assess potential health risks from two of the
removal actions; planning for sediment, water, and tissue sampling to assess the potential
impact of the facility on San Francisco Bay; and planning of an environmental risk
assessment to assess the potential risk to local biota. Responsible for primary client contact,
regulatory agency contact, subcontractor overview, development and maintenance of project
budget and schedule, review of technical documents, and budget and contract negotiations.

Earlier with Brown and Caldwell Consultants, Ms. McDonald was initially responsible for
conducting field work and report preparation. Promoted to project manager, was responsible
for project budgeting and scheduling, staff supervision, technical review, regulatory agency
and client contact, and business development activities. Planned and implemented projects
in accordance with Title 22, Title 23, and underground storage tank regulations. Trained in
site safety practices in accordance with OSHA regulations. Experienced in field quality
assurance/quality control methods. Assessed soil and groundwater contamination by
petroleum products, organic solvents, pesticides, and metals at numerous sites and imple-
mented site remediations. Projects included:

« Project hydrogeologist for the site investigation and remediation of a chemical blending
and packaging plant in Santa Clara Valley. Responsible for development of the technical
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approach to the investigation and remediation of site soil and groundwater containing
primarily halogenated hydrocarbons. Implemented soil vapor surveys and groundwater
monitoring well installation to investigate the distribution of organics in the on and off site
soil and groundwater. Negotiated with the San Francisco Bay Regional Water Quality
Control Board on approach to evaluate potential contribution from off site sources and on
the on site groundwater remediation. Provided oversight of the implementation of a pilot
scale soil venting system to remediate site soils near the above ground tank farm,
Submitted application for permit to operate the full scale soil remediation.

* Project manager for the investigation and remediation of soil containing DDT at an airport
in the Central Valley. Excavation and class I disposal, capping, and fixation were
evaluated.

* Project geologist for the site investigation at a Los Angeles refinery for a major oil
company. Developed the technical approach for the soil and groundwater quality
investigation and conducted the field work. Prepared the final report presenting the
methods and results of the investigation. Developed the technical approach to the
investigation of a previous waste disposal site at the refinery and provided oversight for
its implementation.

« Office coordinator for site investigations and remediations of underground storage tanks
at 17 service stations in the San Francisco Bay Area for a major oil company. Responsible
for project scheduling, development and review of cost estimates, and review of work
products for consistency and technical quality. Acted as the primary client contact for
scheduling and development of new work.

* Project manager for underground storage tank project at numerous service stations.
Developed the technical approach and provided oversight for tank removal, site investi-
gations, and remediation. Implemented a groundwater remediation and evaluated
remedial options for the soil.

 Project manager for the soil and groundwater remediation at a former gasoline service
station being developed as a motel in Santa Cruz, California. Developed groundwater
treatment system for groundwater produced during normal dewatering activities.

 Project manager of a preliminary environmental assessment of 10 sand and gravel
operations and one golf course in northern California. Evaluated the presence of
hazardous materials and/or wastes and their potential environmental affects at each site.
Reviewed property ownership records and aerial photographs to identify indications of
past use, storage, or disposal of hazardous materials or wastes. Reviewed ongoing
investigations at nearby sites to identify whether they could impact the sites being

assessed.
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KENNETH R. BAUMGARTEN
Quality Engineer

-

Education

AA., Preengineering, American River College.
Mechanical Engineering, California Coast University

Professional Registration
Professional Engineer-Quality, California, 1978.
Experience

Mr. Baumgarten is a quality engineer with more than 25 years of experience in the
development, implementation, and management of quality assurance and reliability pro-
grams for a variety of projects and facilities for the military, nuclear, aerospace, and heavy
industrial industries. His work has included the development of quality projects; the
evaluation of quality assurance programs for compliance to regulatory requirement; and the
inspection of materials and equipment at subcontractor and supplier facilities. He has been
the Manager of Compliance and the Corporate Lead Auditor for a major Oakland, California,
engineering and construction firm. Currently , he is the E2 Contractor Quality Control
Manager for the pilot-scale treatability study being conducted at NAS Alameda for the
partnership between the University of California at Berkeley and the U.S. Navy.

Quality Assurance Program Development

. Relocation of NAS Miramar to NAS Lemoore, California. Responsible for
quality assurance development support as part of the transition team directing the
construction activities required for the relocation.

. Fuel Processing Restoration Project, Idaho National Engineering Laboratory, Idaho.
Coordinated the preparation of the proposal of the Title II inspection services and
participated in the successful negotiation of the five-year contract for the project.
Also assisted in the development of the Project Quality Assurance Program in
compliance to specific project and regulatory requirements.

. National Test Facility, Colorado Springs, Colorado. Prepared the quality assurance
portion of the proposal and participated in the development of the quality program for
construction activities of the National Test Facility to support the SDI Program.

. Tinker Air Force Base, Building 3001 Restoration Project, Tulsa, Oklahoma.
Developed an effective quality control program, and procedures for procurement,
construction, and test activities related to the restoration of production facilities for
the overhaul of U.S. Air Force jet engines.
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JAMES M. GURECKI

Construction Manager

[]

Education
B.S.. Construction Engincering, Georgia Tech
Experience

James Gurecki has 26 ycars experience in the construction industry with a broad back-
ground in the areas of infrastructure, airports, microelectronics, distribution and
warchousing, food processing and light industrial manufacturing. He is thoroughly fam-
iliar with all aspects of preconstruction services, scheduling, construction management
and construction services. He is responsible for the performance of personnel, main-
taining the quality of work, and client relationships. He consults and checks all overall
budgets, estimates, schedules, and advises on major preconstruction and construction
phase decisions. He visits all projects on a monthly basis to review progress with the
client and design team. He possesses outstanding skills in project planning, project con-
trol systems, cost control and scheduling. Mr. Gurecki has a very strong background in
quality assurance/quality control.

» Construction manager for Avery Middle School project.

« Constructability review of new EE/Computer Science Building at the University of
Washington.

*  Construction manager for various school projects in California.

« Operations manager/project controls manager for providing project management
oversight services for the construction of High Occupancy Vehicle Lanes for the
northwest and southwest freeways in Houston, TX, and oversight for Urban Mass
Transit Administration at Washington, D.C.

« Responsible for providing construction management services on the construction of a
%8? n:ilul%tll-‘ waste treatment facility utilizing multiple prime contracts in the City of
rlando, FL.

« Division manager responsible for providing program management, construction
management and right-of-way services for completion of the freeway extension of
!—595 in Fprt Lauderdale for the Florida Department of Transportation. The project
included right-of-way procurement, massive utility relocations and the relocation of a
railroad in addition to the construction of the freeway and interchanges.

. DlV{sxon manager requnsxble for providing design and construction management
services for the construction of a new 60,000 sq. ft. class 1,000 manufacturing facility
for SEH America, Inc. Project included high purity gas and water systems and hy-
drogen recovery system.

« Division manager providing construction management services to AC Transit on the
construction of three bus maintenance facilities located in Oakland and Emeryville,
CA. Facilities included all operations required for complete bus maintenance as well
as site development and parking structures.
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—] + Operations manager at Acute Care Hospital in Corcoran, CA. Responsible for
providing construction management services for the construction of a new 50-bed
acute care hospital located within an occupied corrections facility for the California
Department of Corrections.

« Responsible for the Convention Center Expansion for the City of Miami Beach, FL,
providing construction management services to add an additional 350,000 squ. ft.
addition to the existing convention center. Clear spans reached 200 feet utilizing field
assembled walk-through trusses shop fabricated for maximum roadway transit
Schedule requirements dictated completion to meet future scheduled conventions.

 Project manager for the Detention Facility Support Facilities at Jackson, CA. Pro-
vided construction management services for the construction of support buildings at
the new Sierra Conservation Facility for the California Department of Corrections.

« Project manager at New Correctional Facility at Ione, CA. Responsible for providing
construction management services to the construction manager for site utilities, water
treatment plant, wastewater treatment plant and wastewater reservoir for the
California Department of Corrections.

« Responsible for providing scheduling support services to the construction manager
for the reconstruction of the main library rehabilitation for the City of Los Angeles.

« Provided construction management services for the construction of a central plant for
the new West Campus for Arizona State University, Tempe, AZ.

o Department manager for an Arco Research Facility Expansion in Plano, TX, pro-
viding construction management services during construction of a computer center
building expansion.

« Served as in the US Navy in the Secbees as a Petty Officer, 2nd Class, assigned to MCB3.
Service included two tours to Vietnam and a special assignment as a member of the Display
Team commemorating the 25th anniversary of the Seabees.
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EDWARD A. ROLLERSON

Construction Engineer

.

Education
B.S., Construction Management, California State University, Long Beach, 1989.
Professional Training

OSHA 40-hour Health and Safety
Experience

Mr. Rollerson has more than 10 years of experience in the construction industry, including
subcontract administration, change orders, cost estimating, and CPM scheduling (Primavera

P3).

Currently, Mr. Rollerson is responsible for schedule and cost control visibility studies and
capacity and resource loading on over 1,200 field activities in support of the environmental
cleanup at the Presidio of San Francisco.

He was a senior construction engineer for E2 on assignment to the California Department of
Transportation (Caltrans) in District 4 where he served as assistant structure representative
on the seismic retrofit of three bridges in the San Francisco Presidio; and assistant resident
engineer/acting resident engineer for Caltrans San Francisco maintenance station and field
office engineer for several Caltrans bridge contracts. Duties have included overall project
documentation, field inspection and reporting, material sampling, and the review and
approval of contract submittals including shop drawings, concrete mix designs, and shoring
plans. Performed plan/specification review, claims analysis, change order negotiation, staff
supervision and coordination of hazardous waste removal activities.

Previously, on the Los Angeles Metro Rail Wilshire/Normandie Station and Tunnels project,
he was a change order/claims/field engineer for the general contractor. Responsibilities
included contract administration as well as the investigation, review, analysis, and
subsequent resolution of changed conditions and potential claims through effective change
order negotiations with the owner. Field engineering duties included the resolution of
construction and design conflicts, coordination of field work, material purchases, and liaison
between structural designers and field personnel.

As acost/schedule engineer on the Los Angeles Metro Rail Civic Center Station and Tunnels
project, duties included cost coding, budget updates, schedule revisions and updates, quantity
takeoffs and reporting, monitoring of time-and-material work, change order estimation and
negotiation, claims analysis and submittal, owner payment requests, and subcontracts
administration.
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Earlier with Miner-Daderick Construction Corporation, assisted with project layout, re-
viewed and checked blueprints for dimensional accuracy, inspected subcontractor activities,
and established project control lines and elevations for a commercial office building.

With the Charles Pankow/Construction Specialties joint venture, constructed and set
concrete forms for supported slabs, walls, and columns for a commercial hotel/office
complex in downtown Long Beach.

With Jolyn Investment Company, assisted with concrete quantity takeoffs, maintained
dewatering system, formed and set precast concrete walls, and performed general rough
carpentry for an office building in Beverly Hills.

Earlier, with Peter Shultz Construction Company, assisted on various single-family home
remodeling projects.
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SITE HEALTH AND SAFETY PLAN
SITE 13

NAVAL AIR STATION, ALAMEDA

June 21, 1995

Approved by: Date: _
Fred Porta, E2 Project Manager

Approved by: Date: _
Mark Freiberg, BERC Program CIH
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1. PURPOSE AND SCOPE

This Site Health and Safety Plan (SHSP) is prepared as a site specific supplement
to the program level Health and Safety Plan Volumes 1 and 2 dated June 8, 1995.
It establishes the basic safety guidelines and requirements for the activities and
operations associated with the Steam Enhanced Extraction (SEE) Pilot Scale
Treatability Study at Site 13, Naval Air Station (NAS), Alameda. This SHSP
addresses hazards that may be encountered during this project and the actions that
will be taken to mitigate, lessen or respond to those hazards. Activities will be
performed by personnel associated with the Berkeley Environmental Restoration
Center (BERC), E2 Consulting Engineers (E2), and various subcontractors.
The numbering of sections that follow correspond to major section numbers in
the program-level Health and Safety Plan.

The provisions set forth in this SHSP shall apply to BERC or E2 personnel and
any subcontractors working at the job site. All site personnel must read this
SHSP and sign the attached Compliance Agreement before entering the work
area.

Field personnel may deviate from the safety provisions set forth in this SHSP, but
only to upgrade or increase the safety requirements. If changes in site or
working conditions require changes in safety procedures, appropriate
amendments to this SHSP will be made under the direction of the Site Health and
Safety Officer (SHSO) and the Program Certified Industrial Hygienist (CIH).

2. KEY SAFETY PERSONNEL AND RESPONSIBILITIES

All site personnel are responsible for project safety. The specific responsibilities
of personnel are stated in Section 2 of the Health and Safety Plan. The
operational and health and safety responsibilities of pertinent personnel are
identified below.
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Project Manager: Fred Porta, P.E.

The Project Manager has the responsibility to ensure all provisions of the SHSP
are followed and to contact the program CIH for variances or modifications. The
Project Manager has the authority to inspect and audit compliance with the
provisions of this SHSP and to take corrective actions; report to the Program CIH
or the Resident Officer in Charge of Construction (ROICC) any reportable
incidents; ensure the Field Activity Daily Log (FADL) forms are completed,
signed, and dated; and notify the Program CIH of regulatory agency inspection.
The Project Manager is also responsible for the documentation associated with
this SHSP. This documentation shall include all internal and external health and
safety correspondence, including this SHSP; all air monitoring data (from the
work site and the perimeter areas); all accident reports and Accident Review
Board documentation; documentation of audits and corrective actions; air
monitoring equipment calibration records; and the FADL forms.

Program Certified Industrial Hygienist: Mark Freiberg, CIH

The Program CIH shall implement and oversee the health and safety program for
NAS Alameda, and shall develop, implement, and sign SHSPs. Any changes to
the SHSP shall be with approval of the CIH with concurrence of the Contracting
Officer. The Program CIH shall be available for consultation when required.

Project Superintendent (PS): Jim Gurecki

The Project Superintendent (PS) reports to the Project Manager and is
responsible for the field enforcement of the SHSP. His/her responsibilities
include communicating the project health and safety requirements to all on-site
project personnel; conducting periodic health and safety inspections with the Site
Health and Safety Officer; directing work to ensure personnel safety and
protection of property and the environment; providing required safety supplies to
work crews prior to each task; correcting any hazards found; and rendering
appropriate disciplinary action to individuals who do not adhere to the project
SHSP.



Site Health and Safety Officer: Judy Cook

The SHSO is responsible for ensuring that all site personnel have received, read,
and signed the SHSP; providing independent surveillance of the implementation
of the SHSP; immediately stopping work if dangerous or extremely hazardous
conditions are encountered; conducting and documenting required project-
specific training; and conducting job site safety audits at least daily.

The SHSO is responsible for ensuring the following items are adequately
addressed:

Medical surveillance program/physical examinations

Training programs/hazard communication

Compliance with the SHSP

Decontamination/contamination procedures

Monitoring of personnel at the work site and at the perimeter of the site
Inspection and calibration of safety equipment as required.

The SHSO will be present during the field work operations, or an alternate SHSO
will be designated and present when the SHSO is not on-site.

3. JOB HAZARD ANALYSIS

The major contaminants that are expected to be encountered are crude oil, the
hazardous components associated with petroleum hydrocarbons, and pesticides.
The majority of the contamination appears to be below the water table at 4 to 5
feet below ground surface. Table 3-1 lists the chemicals found in the soil to date
with maximum concentrations and associated limits for explosion and permissible
personnel exposure.

If levels of contaminants in soil are found above the maximum concentrations
shown above, the SHSO shall, if necessary, stop operations to reassess if worker
health and safety safeguards are adequate.



3.1 FIRE/EXPLOSION HAZARDS

The potential for fire or explosion exists whenever flammable liquids or vapors
are present above the lower explosion limit (LEL) concentrations and sufficient
oxygen is present to support combustion. The potential for fire and/or explosion
exists during the treatment of the extracted oil/water mixture. At this time, the
concentration and constituents of the extracted vapor from wells are not known.
Volatile vapors will be present in the overhead of the liquid/vapor separator and
will be destroyed in a thermal oxidation unit.

Table 3-1 CHEMICALS FOUND IN SOIL

Chemical LEL-UEL PEL Max. Conc.
VOLATILES
Benzene 1.3%-7.1% 1 ppm 1 ppm
1-2, Dichloroethene 5.6%-12.8% 200 ppm 5 ppb
Methylene chloride 13%-23% 500 ppm 160 ppb
Methyl ethyl ketone 1.4%-11.4% 200 ppm S ppb
Toluene 1.1%-7.1% 200 ppm 1.6 ppm
Xylene 1.0%-6.0% 100 ppm 4.1 ppm
SEMIVOLATILES
Anthracene 0.6%-N/A N/A 100 ppb
1 ,2-Benzanthracene N/A N/A 390 ppb
Benzo(a)pyrene N/A 02m g/mS 520 ppb
(coal tar pitch volatiles)
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Benz(e)acephenanthrylene N/A N/A 1.1 ppm

Benzo(g,h.i)perylene N/A N/A 1.4 ppm

Benzo(k)fluoranthene N/A N/A 510 ppb

Chrysene N/A 0.2 mg/m3 2.3 ppm
(coal tar pitch volatiles)

Ethylbenzene 0.8%-6.7% 100 ppm 1.8 ppm

Fluoranthene N/A N/A 800 ppb

Inde no(1,2,3-cd)pyrene NA N/A 690 ppb

2-Methylnaphthalene N/A N/A 17 ppm

Naphthalene 0.9%-5.9% 10 ppm 5.4 ppm

N-Nitrosodiphenylamine N/A N/A 2.7 ppm

3

Pentachlorophenol N/A 0.5 mg/m 1 ppm

Phenanthrene N/A 02m g/m3 1.8 ppm
(coal tar pitch volatiles)

Pyrene N/A 02 m g/m3 1.9 ppm
(coal tar pitch volatiles)

COAL TAR PITCH VOLATILES

Fluorene N/A N/A 790 ppb

PESTICIDES

b-BHC 05 m g/m3 3.5 ppb
{German standard)
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4,4-DDD N/A N/A 14 ppb
4,4'-DDE N/A N/A 35 ppb
44-DDT N/A I'm g,m3 160 ppb
Heptachlor expoxide N/A 05 m g/m3 5.4 ppb
Toxaphene N/A 05 m g/m3 2.5 ppm

LEL = Lower Explosive Limit

UEL = Upper Explosive Limit

PEL = Permissible Exposure Limit (OSHA) based on 8-hour time

weighted average (TWA); inhalation limit
Max. Conc. = Maximum concentration found in soil known at this time
N/A = No available information or not applicable

Ignition sources, smoking, or open flames shall be excluded from the treatment
pad area and for a radius of 25 feet of the treatment pad. Daily monitoring of
the treatment pad area and peripheral boundary of the fence using a combustible
gas indicator (CGI) shall be performed by the SHSO. These results shall be noted
in the FADL. Monitoring shall occur as often as considered necessary by the
SHSO according to the type of site activities being performed. Failure of the
thermal oxidation unit shall trigger an alarm and notification of site personnel.

3.2 CHEMICAL HAZARDS

The primary routes of exposure for the petroleum hazard are inhalation and
ingestion. Worker exposure will occur primarily during the drilling and logging
of the injection/extraction wells, temperature monitoring wells, and electrode
wells; and the sampling associated with the wells. During these operations,
worker health and safety will be ensured by air monitoring with a
photoionization detector (PID) or equivalent field sampling equipment. If use of
the PID indicates high levels of volatile contaminants, the combined CGI/oxygen
meter will be utilized to ensure safe conditions. The SHSO shall record and
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document personnel monitoring and/or ensure the results are noted in the FADL
form.

The treatment pad will be monitored for chemical hazards as well as
fire/explosion potential as noted above. The area shall be monitored prior to
entry by operators or personnel.

Ingestion of the hazardous compounds will be minimized by following proper
decontamination procedures, washing hands after leaving the control area, and
allowing eating, drinking, smoking, and applying cosmetics in designated areas
only.

33 PHYSICAL HAZARDS
The potential physical hazards expected at the job site are addressed below:

« The potential for physical injury exists from the operation of machinery
such as pumps, blowers, and heavy equipment. Use of steel-toed boots or
shoes, hard hats, and safety glasses will be required when in the work area.

« The potential for noise hazards exists at the site from the operation of
various equipment, including heavy earth-moving equipment, pumps, and
blowers. The SHSO shall perform sound level monitoring or noise
dosimetry on operations which may exceed 85 dBA, or wherever voices
must be raised in order to be understood at arm's length.

» Compressed air and steam will be used for well extraction and for treatment
of the extracted vapor. Procedures outlined in Section 3 of the Health and
Safety Plan shall be followed regarding the labeling of lines, lockout/tagout
procedures, tie-down requirements, and installation of shutoff valves.

»  Dust hazard may occur during the grading of the site and installation of the
surface containment systems. Air monitoring and measures to control dust
generation as outlined in Section 3 of the Health and Safety Plan shall be

followed.
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» Drilling hazards are outlined in Section 3 of the Health and Safety Plan.
Monitoring as noted in previous sections will be required during drilling
operations to ensure health and safety of personnel.

«  Personnel should be cognizant of the fact that when protective equipment
such as gloves, and protective clothing are worn, visibility, hearing, and
manual dexterity are impaired.

3.4 HEAT/COLD STRESS

All personnel should be familiar with the symptoms of heat or cold stress as
outlined in Section 3 of the Health and Safety Plan. The SHSO shall monitor and
record the daily maximum and minimum temperatures on-site. Additional heat
stress monitoring shall be initiated by the SHSO whenever ambient temperatures
on-site exceed 85°F, or 78°F when workers are wearing impermeable clothing.

3.5 JOB HAZARD SURVEY
The expected potential hazards to personnel in the work area are:

» Fire/explosion hazards
» Chemical exposure

» Physical hazards

» Heat/cold stress

As described in the previous section, these potential hazards have been mitigated
for the protection of the worker's health and safety. The proposed work does not
appear to present any potential health risk to the workers, the surrounding
community, or the environment if the provisions of this SHSP and the Program
Health and Safety Plan are properly implemented.

4, [Not used]
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5. PERSONAL PROTECTIVE CLOTHING/EQUIPMENT

Level D protection is the minimum protection level required for this project.
The SHSO may require additional protective equipment to the Modified Level D
depending on the conditions within the work area. Level C protection will
initially be required for drilling operations until personnel monitoring indicates
that the level of protection can be safely lowered to a Modified Level D.

The following list summarizes the personal protective equipment that is required
for each level of protection:

Level D Protection

« Steel-toed shoes or boots, ANSI approved
 Safety glasses, ANSI approved

» Hard hat, ANSI approved

« Long pants

Modified Level D Protection

» Steel-toed impermeable boots, ANSI approved
 Safety glasses, ANSI approved

Hard hat, ANSI approved

Nitrile or other impermeable gloves

» Tyvek coveralls

» Long pants

Level C Protection

« Hard hat, ANSI approved

« Safety glasses, ANSI approved

Steel-toed impermeable boots, ANSI approved

« Impermeable gloves

Half-face air purifying respirator with cartridges for organic vapors,
NIOSH approved

Tyvek hooded coveralls

Full tape at ankles and wrists
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Hearing protection shall be made available to all personnel at the job site in the
event noise levels exceed worker comfort levels.

If hazard conditions change, the SHSO may modify or stop work, or remove
personnel from the site. The SHSO shall contact the Program CIH if the level of
protection must be upgraded due to changes in working conditions.

6. SITE CONTROL MEASURES

The project area will be fenced with main access for personnel through the
trailer. A lockable gate will provide vehicle access to the work area. Signs are
to be posted around the perimeter of the fence identifying the project and
person(s) to be notified for access or emergencies.

Site personnel will be present during normal working hours. The SHSO will
ensure that the site is secured prior to leaving at the end of each working day.
The SHSO will ensure that all personnel have been logged out and recorded on
the FADL.

An alarm system will be installed on various equipment that are vital for the safe
operation of site activities. This system has not been designed at this time but will
include at the minimum an alarm and notification procedure for improper
operation or failure of the thermal oxidation unit. A telephone will be installed
at the trailer. Alarms may tie into an autodialer to notify off-site personnel of
malfunctions or failures.

7. DECONTAMINATION MEASURES

The trailer will be the point of entry for personnel and designated a support zone.
The exclusion zone (EZ) and contamination reduction zone (CRZ) will be
designated by the SHSO once the site has been secured. These zones may change
as different phases of operations and activities occur. The EZ and CRZ areas
shall be mapped and posted in the trailer so that personnel and visitors are aware
of the locations.
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Decontamination procedures as outlined in Section 7 of the Health and Safety Plan
will be followed by personnel, vehicles, and equipment leaving the EZ area.
Personnel decontamination will consist of removing any gross contamination
from outer clothing and boots; then removing Tyvek coveralls, gloves, hard hats,
glasses, boots, and respirators if used. Personnel will thoroughly wash their
hands and face before leaving the decontamination zone. Respirators shall be
sanitized, cleaned, and stored in accordance with OSHA requirements. All
contaminated clothing and personnel equipment will be placed in DOT-approved
containers for disposal.

All equipment will be decontaminated by steam cleaning or washing with a non-
phosphate detergent such as Liquinox or equivalent. Equipment will be rinsed
with tap water, isopropanol, and/or deionized water, as appropriate. All waste
water generated will be contained or collected until lab analysis is complete.

Soil cuttings from the drilling process will be placed in covered roll-off boxes or
DOT-approved 55-gallon drums, sealed, and stored in a secured area until testing
as outlined in the Work Plan is completed.

Wastes from laboratory analyses shall be handled in accordance with California
and EPA regulations regarding hazardous wastes.

Soil cuttings, waste water and contaminated clothing/equipment may have to be
analyzed to determine proper manifesting and disposal method. All containers
with contaminated material shall be kept in a secure area and labeled with
contents and date of first use.

8. EXPOSURE MONITORING PLAN

The SHSO is responsible for performing, recording, and documenting all
monitoring related to personnel exposure. The SHSO and Program CIH shall
determine the personnel who may be exposed to hazards and should be
monitored. This monitoring shall include:
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* Daily monitoring of maximum and minimum temperatures

* Personnel monitoring during drilling operations using PID and CGI/oxygen
detector, if necessary

» Monitoring and recording of noise levels if noise approaches 85 dBA

« Monitoring and recording of volatile gas levels at vapor/liquid separator

» Monitoring and recording of combustible gas levels due to site activities at the
fence boundary in the prevailing wind direction.

9. TRAINING REQUIREMENTS

Personnel entering the EZ or CRZ must have completed the 40 hours of
hazardous waste operations as defined under 29 CFR 1910.120 or California Title
8 CCR 5192. The 40-hour training or the refresher course training must be
completed within the past 12 months. Personnel must also have been certified as
fit for hazardous waste operations by a physician within the past 12 months.
Personnel required to wear respirators must also have been fitted and certified
for the respirator used.

Documentation of the 40-hour training, update training, and specialty training, as
well as annual medical clearance, shall be maintained at the site for all BERC and
subcontractor personnel.

10. MEDICAL SURVEILLANCE PROGRAM

All on-site personnel must complete a comprehensive medical examination within
the past 12 months that meets the requirements of 29 CFR 1910.120 or Title 8
CCR 5192. Subcontractors must certify that their employees have completed a
physical examination by a qualified physician that meets the requirements of 29
CFR 1910.120 or Title 8 CCR 5192.

All employees must receive a preplacement medical examination prior to
assignment to field operations. All employees must undergo an annual
examination and exit examination as stated in Section 10 of the Health and Safety

Plan.
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Workers requiring the use of a respirator must have a letter from the examining
physician confirming the fitness for work and ability to wear a respirator.

Copies of medical examination certificates shall be part of the project files.
Project files shall also contain all personnel monitoring information and data.

11. [Not used]

12. EMERGENCY RESPONSE PLAN

The evacuation route and assembly area for Site 13 will be determined by the
SHSO. The route and location of the assembly area may change according to
operations taking place at the site. The latest route and assembly area shall be
mapped and posted in the trailer.

In the event of an accident resulting in physical injury, first aid should be
administered and the injured worker transported to the Industrial Medical Clinic
(Building 16) for minor emergency or to Alameda Hospital for major emergency
treatment. Maps to both locations are attached as Figures C-1 and C-2. The
address of the hospital is:

Alameda Hospital

2070 Clinton Avenue

Alameda, CA

510-523-4357 (Emergency Room)
510-522-3700 (Hospital)

To get to the Alameda Hospital, exit the base and turn right onto Main Street,
then veer left as the street name changes to Central Avenue. Turn onto Westline
Drive, left on Otis Drive, left on Willow, and the hospital is on the left at the next

intersection.

The Base Industrial Medical Clinic is located in Building 16 in Alameda, between
Third and Fourth Streets. Telephone number is: 510-263-4444.
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In the event of a fire or spill, the PS or SHSO should be notified to assess the
situation and determine the response. All personnel not trained in spill control
cleanup shall evacuate the area. If necessary, the Base Fire Department can be
called for fire or emergency response. The ROICC should be notified
immediately. Location and type of fire suppression equipment at the project site
will be determined later.

Emergency Telephone Numbers:

Fire (Base) 510-263-4300
(Alameda City) 911 or 510-522-2433

Ambulance 510-263-4444

Police (Alameda City) 911 or 510-522-2423

Additional Contingency Telephone Numbers:

Project Manager: Fred Porta
Phone: 510-652-1164

Program CIH: Mark Freiberg
Phone: 510-643-8676

Project Superintendent: Jim Gurecki
Phone: 510-652-1164

Site Health and Safety Officer: Judy Cook
Phone: 510-531-5377

Occupational Physician: Lucy Reinke, MD
Phone: 510-643-7116

Navy Contact (ROICC) Wayne Coffer
Phone: 510-302-3354

Base Health and Safety Office: 510-263-3395
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Navy On-Scene Coordinator (NOSC): 510-263-3276
Navy On-Scene Commander (NOSCDR):  510-263-3003

13. GENERAL SAFE WORK PRACTICES
[Section not included in program-level Health and Safety Plan]

The project operations shall be performed in accordance with the following
minimum safety requirement:

- Eating, drinking, and smoking shall be restricted to a designated clean area.

» All personnel shall wash hands and face before eating, drinking, or
smoking.

» Gross decontamination and removal of all disposable personal protective

equipment shall be performed prior to existing the EZ area. Contaminated
e disposable clothing and other disposable equipment will be removed and
collected on-site for disposal. No contaminated equipment will be removed
from the site.

« The SHSO shall be responsible to take necessary steps to ensure that
employees are protected from physical hazards, which could include:
- falling objects such as tools or equipment
- falls from elevations
- tripping over hoses, pipes, tools, or equipment
- slipping on wet or oily surfaces
- insufficient or faulty protective equipment
- insufficient or faulty operations, equipment, or tools
- noise

« Field personnel shall be cautioned to inform each other of non-visual effects
of the presence of toxins, such as;
- headaches
- dizziness
- nausea
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- blurred vision

- cramps

- 1irritation of eyes, skin, or respiratory tract

- changes in complexion or skin discoloration

- changes in apparent motor coordination

- changes in personality or demeanor

- excessive salivation or changes in pupil response
- changes in speech ability or pattern

« Field personnel shall be cautioned to observe each other for any of the
symptoms of heat or cold stress.

14. DOCUMENTATION
[Section not included in program-level Health and Safety Plan]

The Project Manager is responsible for the documentation associated with this
SHSP. This documentation shall include all internal and external health and
safety correspondence, including this SHSP; all air monitoring data (from the
work site and the perimeter areas); all accident reports and Accident Review
Board documentation; documentation of audits and corrective actions; air
monitoring equipment calibration records; and the FADL forms.

The PS is responsible for conducting and documenting required project-specific
training and daily job site safety audits. The PS shall record and document the
changes in work zones or note such changes in the FADL.

The SHSO shall record entry and exit times and dates of all personnel and any site
visitor(s) who enter the EZ or CRZ. He or she shall also record accidents,
incidents of safety infractions by field personnel, and other safety-related matters.
The SHSO shall document that monitoring equipment has been properly
calibrated and used, and that the results from the monitoring are recorded and
filed. The SHSO shall maintain attendance records of tailgate safety meetings
and the materials presented in each meeting.
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SIGN-OFF PAGE

I have read the Site Health and Safety Plan and fully understand the hazards
associated with the activities at Site 13, Naval Air Station, Alameda.

I will comply with the minimum safety requirements set forth in the Site Health

and Safety Plan. I agree to notify the responsible employee of BERC should I
witness any unsafe acts on this site.

Print Name Signature Date
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ENVIRONMENTAL PROTECTION PLAN

SITE 13

NAVAL AIR STATION, ALAMEDA

June 21, 1995



There are no buildings on this five-acre site, and the surface is mostly fill
materials with a sparse presence of grasses and weeds. There does not appear to
be any burrows, nests, or scat to indicate the presence of any on-site fauna.
According to a PRC employee, no ecological assessment of the site has been
completed to date (PRC, 1995). Because this is a demonstration project site, it
will be up to the discretion of the EFA-West to restore and/or reseed this area.

Before work activities commence, a standard six-foot cyclone fence will be
installed around the perimeter of Site 13 and an exclusionary zone will be
identified and marked around the entrance of the site to protect project workers
as well as people walking in this area. A 50-foot by 40-foot concrete bermed pad
was recently installed adjacent to Avenue L for waste stream treatment and
collection from the vapor and liquid extraction system. The steam manifold,
which is part of the Steam Enhanced Extraction (SEE) system (a contained
system), was also recently installed by the NAS Alameda Department of Public
Works directly adjacent to the concrete pad. Additionally, two trailers,
supporting the contractor's work force, will be placed within the fenced area.

Fugitive dust emissions during grading operations will be controlled by light
watering of affected areas as directed by the construction site superintendent or as
directed by the Resident Officer In Charge of Construction (ROICC) based upon
wind velocity and site observations. The graded surfaces will be covered with two
types of surface covering (plastic and corrugated metal) as outlined in the Work
Plan. The grading of the test site will provide a sloped surface of one-quarter-
inch rise per foot of run for proper drainage of the surface covering. Runoff
will be drained via a pipe located in the trench at the base of the surface covering
and drained into a sump pump. The runoff will then be pumped periodically at
intervals and end up at the waste stream treatment and collection pad. After the
injection/extraction wells have been installed, any residual soil from the soil
borings will be placed in roll-off bins or drums and covered as necessary.

The locations of known underground utilities at Site 13 (provided by EFA-West)
are shown in Figure D-1. A survey to locate all utilities should be conducted
before the work commences as it is reported that there is an active water line
(PVC pipe) transversing the site. Therefore, any kind of environmental impact
from this water line affecting the site condition is premature until all information
has been gathered to make an accurate assessment of the situation (ROICC, 1995).
The locations of all utilities (steam, electric power line, sanitary, and storm) will
be clearly marked with either paint, caution flags, or tape on stakes or temporary
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barricades, as appropriate, to the activities at the location and the element of risk.
Existing water, sanitary, and storm sewer lines will not be removed or rerouted
nor will any associated vaults or drains be removed or interfered with.

The existing above-ground power lines (adjacent to Avenue L) will remain intact,
and the contractors will use this power source for the two on-site trailers. Should
unanticipated rerouting or removal of utilities be considered necessary during
this project, all such activities will proceed only with the knowledge and approval
of the ROICC and the Contracting Officer.

The six groundwater monitoring wells at the site will be protected during this
pilot-scale treatability study. Each groundwater monitoring well will be
completed at the surface with a protective steel casing. Each groundwater
monitoring well will be completely sealed with plastic, or a corrugated metal
cover will be placed over the well head. Each location will be marked with grade
stakes and caution flags.
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AN ANALYSIS OF OPTIMAL CYCLING TIME AND ULTIMATE
CHLORINATED HYDROCARBON REMOVAL FROM HETEROGENEOUS
MEDIA USING CYCLIC STEAM INJECTION
By

Michael T. Itamura
Graduate Student Researcher

Kent S. Udell
Professor

Berkeley Environmental Restoration Center

Department of Mechanical Engineering
- University of California, Berkeley

Abstract

A numerical and theoretical study of chlorinated hydrocarbon removal from porous
media using cyclic steam injection is presented. The porous medium modeled is a high
permeability fracture, adjacent to a thick, contaminated low permeability zone. Two-
dimensional computer simulations were run for different initial saturations of TCE and PCE
until aqueous phase concentration levels were below 1 ppb (ug/kg). The two-dimensional
simulations provided interesting details of the steam-water contaminant redistribution and
volatilization rates during various steam cycling modes. To generalize the results of
numerical simulations, theory is developed to estimate optimal cycle times and the
effectiveness of cyclic steam injection in reducing aqueous concentrations to drinking water
standards. The analytic predictions of optimal cycle times and ultimate rates of contaminant

concentration reduction compared well with those of the numerical simulations.

To be presented at the 1995 ASME International Mechanical Engineering Congress and
Exposition, San Francisco, California, November 12-17, 1995.



Nomenclature
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Subscripts
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concentration [kg/m’]
constant-pressure specific heat [J/kg-K]
Fourier Number [ ]

Henry’s constant [Pa-m’/kg]

dimensionless Henry’s constant [ ]
heat of vaporization [J/kg]
permeability [m?]

relative permeability [ ]

mass [kg]

pressure [Pa]

gas constant [J/kg-K]

water saturation [ ]

temperature [K]

time [sec]

mass fraction [ ]

porosity [ ]

mass fraction ratio of i in water phase to i in vapor phase [ ]
root to fourier series [ ]

effective thermal conductivity [J/m-K]
dynamic viscosity [N-sec/m’]

density [kg/m®]

contaminant /
original state
surface

vapor phase
water phase

at infinite time



Introduction

Conventional methods used for cleaning up in situ subsurface spills of Dense Non-
Aqueous Phase Liquids (DNAPL's) include vacuum extraction for the vadose zone and
ground water pumping for regions below the water table. Unfortunately, these
conventional technologies tend to become ineffective for contaminants not found in pumped
fluid flow paths leading to the extraction wells. Since many DNAPL's are only minimally
soluble in water and the aqueous phase molecular diffusivities are so low, immobile
DNAPL's located below the water table and in large low permeability zones are almost
impossible to remove within a lifetime. Since their paths of downward migration of
DNAPL's are usually different than the fractures supporting fluid flow during pumping,
DNAPL contamination of fractured bedrock or clay is a particularly problematic situation.
The technology of steam enhanced extraction [1], where steam is injected into the
subsurface to heat the contaminated regions and either evaporate or displace separate phase

contaminants, offers hope that such environmental hazards can finally be cleaned up.

Background

Steam enhanced extraction with cyclic steam injection for use in removing volatile
and semi-volatile contaminants from the subsurface has been applied to two field sites. The
first was conducted on a pilot scale in San Jose in the summer of 1988. After a period of
140 hours of constant-rate steam injection, a series of vacuum extraction and steam
injection periods followed. The depressurization periods were on the order of only one to
three hours in duration but showed promise as a method of removing contaminants from
heated low permeability regions [2].

At the Lawrence Livermore National Laboratory, steam enhanced extraction was
used at full-scale to clean-up a gasoline spill. There were two high permeability zones, one
above and the other below the water table. Steam was injected in two different passes.

The first steam injection period lasted 35 days. At the end of the first steam pass, recovery



rates were averaging 45 gallons per day. Three months later, after a higher capacity
effluent waste treatment system had been installed, recovery rates increased to over 200
gallons per day. Two weeks into the second pass of steam injection, with the recovery
rates having dropped to 80 gallons per day, steam was turned off while a vacuum was still
pulled at the extraction well. The recovery rate peaked at 130 gallons per day .two days
later and then dropped to 110 gallons per day two days after that. When steam was turned
on again at this point, recovery rates dropped off to 50 gallons per day. This cycling of
steam on and off was done one more time with similar results [3].

The mechanisms for the removal of a DNAPL in a porous media using steam
injection/vacuum extraction have been identified as a piston-like displacement of liquids and
a thermally enhanced evaporation/advection mechanisms [4,5]. Cyclic steam injection after
steam breakthrough introduces another mechanism; in situ boiling of heated liquids in and
around the steam zone [1]. This third mechanism is important should there be significant
permeability differences in the layers composing the contaminated region. In both
laboratory experiments and field studies, steam has been found to preferentially enter the
high permeability regions, initially bypassing contaminated low permeability zones.
Thicker low-permeability regions take a longer time for the steam to heat, thus increasing
the time necessary for steam injection to clean out the contaminants [2,3,6,7]. Similarly,
for a fractured bedrock system, steam should be able to remove contaminants from
accessible fractures relatively quickly. However, once sufficient time has passed for
conduction to heat the low permeability zones, depressurization provides a means (o
remove contaminants from the inaccessible fractures and the adjacent bulk bedrock.

A schematic of a typical situation encountered during the latter stages of steam
enhanced extraction operations is shown in Figure 1. Here the liquid contaminant has been
removed from the high permeability zones above and below the contaminated low
permeability layer. Conductive heat transfer, augmented by some enthalpy flux carried

with any steam that might flow into the low permeability zone, will eventually heat the layer



to temperatures near those of the adjacent high permeability zones. During this time,
compounds with boiling points lower than that of water will boil from the medium, leaving
residual contamination in the aqueous phase and adsorbed to the solid surfaces. For
negligible fluid flow through the low permeability region, recovery would be limited by
diffusion. DNAPLs' with boiling points greater than that of water will be particularly
difficult to remove since the mass transfer rates would remain low and the residual liquid
contaminant mass remains high. However, cyclic steam injection following steam
breakthrough increases recovery rates since liquid water and separate phase contaminant
will boil when the system is de-pressurized. The energy required for the phase change
comes from the solid matrix .and liquid during the cooling associated with the de-
pressurization of the steam-water system. Consider the thermodynamics involved in
bringing an otherwise closed reservoir system from steam conditions (115°C) to that of a
50 kPa vacuum. The temperature corresponding to the equilibrium vapor pressure of water
ata 50 kPa vacuum is 82°C. If the reservoir temperature is at 115°C when the 50 kPa
vacﬁum is applied, then a 33°C temperature drop must occur before a uniform pressure
distribution can be established. Depending of the heat capacity of the solid matrix material,
the porosity and the water volumetric fraction of the pore space, about 10% of the liquid
water present must evaporate to satisfy the energy and mass balances. This evaporation
will continue to occur uniformly until the temperature of the reservoir has dropped to 82°C,
cooler if any air is present. A large pressure gradient caused by the evaporation can form in
the lower permeability zones which can drive out mobile liquid water and contaminant from
otherwise inaccessible zones into the higher permeability zones leading to extraction wells.
After the system has been de-pressurized and partially de-watered, steam injected in latter
cycles will clear out contaminant that had migrated into the higher permeability zones, and
re-charge the energy released during the previous depressurization cycle. The decrease in

the water saturation resulting from de-pressurization also increases the steam permeability,



providing for a more effective heating of the lower permeability zones during subsequent

steam injection cycles.

Numerical Simulation

Simulations of the effectiveness of constant rate steam injection and cyclic injection
were carried out using a coupled air-water heat and mass transfer computer code originally
developed by Preuss [8], and extended to non-isothermal transport of multiple component
liquid contaminants by Adenekan and Patzek [9]. The code structure was further modified
to improve robustness and allow simulations using various computational platforms. The
code can model three-dimensional multi-phase transport of multi-component organic
contaminants in the subsurface in response to constant of cyclic steam injection.

Simulations were run for two different contaminants and with two different initial
saturations. Both TCE and PCE simulations were run at uniform initial saturations of 30%
and 85%. The simulations were run until the remaining hydrocarbon concentrations were
less than 10-10 of the initial concentration.

The system considered was a two-dimensional region, 40 cm wide, and 80.2 cm
high, divided into 68 control volumes (see Figure 2). The control volumes of the top row
were 0.2 cm high and 10 cm wide and the node control volumes in the lower sixteen rows
were 5 cm high and 10 cm wide. The permeability of the top row of nodes, roughly
corresponding to a fracture, was 45 x10-12 m? and the bulk permeability of the lower rows
of nodes was 0.35 x10-12 m2. The permeability was isotropic within each grid block. The
left-most block of the high permeability zone contained the injection well and the right-most
high permeability node contained the extraction well. All other boundaries were closed and
treated as adiabatic (perfectly insulated). The steam injected at the injection node was held at
103°C, 115 kPa, and 90% quality. The extraction well was maintained at a 61 kPa
vacuum. Gravity was neglected for these simulations.

The computed NAPL saturation, temperature, and water saturation fields are plotted

in Figures 3-5. The white color in the NAPL saturations represent zero saturation and the



light gray in the zero time image represents the initial 30% TCE saturation. As the steam
enters the system, a region cleared of TCE develops in the upper right corner and
progresses downward. Ahead of the clean zone, a band of high saturation of TCE
develops. The maximum saturation in this band varies with time from 70% to 85%. At 50
hours, the high saturation band has propagated to the far end of the system. At this point in
time, the steam is migrating into the lower permeability region, evaporating the TCE, and
carrying it out to the extraction face.

The temperature plots are very similar in shape to the concentration plots. The
region that has been cleared of TCE is the hottest. There is a sharp temperature gradient,
corresponding to the steam condensation front, in the region that is occupied by the
maximum TCE saturation wave in the system. The water saturation plots clearly show that
water saturation maxima is located at the steam condensation front.

The TCE saturation at three different nodes is shown in Figure 6. The nodes are
labeled A, B, and C in Figure 2. For Node A, located in a low permeability zone two rows
from the high permeability nodes, the NAPL-phase saturation drops to zero within the first
hour of the simulation. For Node B, located in the middle of the low permeability zone,
the NAPL-phase saturation rises quickly to 83% at two hours after the start of steam
injection and then drops to zero over the next 6 hours. For Node C, found at the bottom of
the low permeability zone, the TCE remains at the initial 30% saturation for almost 15
hours before rising to a maximum saturation of 78% at 27 hours. The TCE is slowly
removed after that; the separate phase TCE finally evaporating at the 76 hour mark.

The temperature profiles for those same three nodes are shown in Figure 7. As
expected, the temperature of Node A changes almost immediately to that of saturated steam.
The temperature of the Node B rises to 88°C after the separate phase TCE completely
evaporates from that node. The small oscillations in the temperature histories are due to
numerical instabilities encountered when the rows of nodes surrounding that particular

node experience a high rate of TCE evaporation. The temperature of Node C increases to



near 70°C after 28 hours and remains constant for almost 50 hours. It levels off at 70°C
because the pressure at that node corresponds to the vapor pressure of TCE at 70°C. After
the liquid TCE is gone from the node, the temperature of that node finally begins to rise
again. The temperature of the bottom node does not reach 96°C until the adjacent bottom
row nodes are void of liquid TCE.

Figure 8 shows the water saturation for Nodes A, B, and C. Node A maintains an
almost uniform water saturation of 13% throughout the simulation. The water saturation
for Node B varies significantly with time. The oscillation at early time seems to be a-
numerical artifact of the rapidly changing NAPL phase at those times. As the steam front
passes node B, the saturation maintains a steady 30% until dropping to near 13% as the
NAPL phase completely disappears in the far end of the system. Node C maintains the
initial water saturation of 10% for most of the simulation, only dropping a few percent

when the steam front approached the node.

Cyclic Steaming

For an initial saturation of 30% TCE, 60% air, and 10% water, removal of 99% of
the initial TCE was predicted by continuous steam injection in 96 hours. Subsequent
predictions of cyclic steaming were begun at 22 hours after the start of steam injection. To
accomplish this using the simulator, the source term for the steam was removed but the
vacuum at the extraction node was maintained. The amount of TCE remaining in the
system is plotted in Figure 9 for continuous steam injection and for three different cycle
times. At the start of the first vacuum cycle, the TCE recovery rate, shown in Figure 10,
immediately rose by a factor of 3.5 over the next hour. At ten hours into hthis vacuum
cycle, the recovery rates had dropped back down to the level that it was just before the start
of the vacuum cycle. After 22 hours of vacuum, the recovery rates had dropped to 1/3 of
the rate of the continuous steam case at that time, but the total TCE mass removed up to that

point was 78% versus 70% for continuous steam. At the end of this vacuum cycle, the



system temperature was almost uniformly 50°C. Once steam was re-injected after 44
hours, the recovery rates initially dropped off to zero. At this time, most of the steam was
going into re-heating and repressurizing the system. Four hours after the re-start of steam
injection, the TCE recovery rates began to increase rapidly; approaching the rates that were
seen during the steam only run. The second 22-hour vacuum cycle removed all of the
remaining separate phase TCE. The average temperature of the system after the second
vacuum cycle was 63°C. Compared with the steam only case, it took 98% of total clean-up
time but only 58% of steam injection time. The Fourier number (equation 6) for a 22 hour
cycle is 3.64.

When shorter 10 hour (Fo = 1.65) and 6 hour (Fo = 0.99) cycle times were
simulated, the total clean-up time was reduced considerably. As before, the steam/vacuum
cycling began after the initial 22 hours of continuous steam simulation. For the 10 hour
cycle time, the separate phase TCE was removed at 65 hours -- using only 68% of the total
time used by steam only and 44% of the steam time used by the 22 hour cycle case. Using
the cycle time of 6 hours, the savings are just a little bit better -- shaving an additional 9
hours off the total time and 6 hours off the steam time required for clean-up to 1 part per
billion.

The NAPL saturation, temperature, and water saturations during the first three
hours of vacuum extraction and then the first three hours of the re-start of steam injection
for a 10 hour cycle time are plotted in Figures 11-13. In Figure 11a, the start of vacuum
extraction (22 hours), the TCE spreads from the bottom of the system out towards the
extraction well. When steam in injected again (32 hours) as shown‘ in Figure 11b, the
remaining separate phase TCE is partially pushed back into the system. There is however,
a noticeable decrease in the overall saturation between the system at the start of the vacuum
cycle and three hours into the next steam injection cycle (35 hours).

Figure 12 shows how quickly the temperature in the system comes to equilibrium

as the steam is turned off and then on again. At 25 hours, the temperature of the systém is



almost uniform and at 35 hours, the temperature field is almost identical to the one at 22
hours. The water saturations show a similar pattern to that of the TCE concentrations in
that the saturation wave is removed during the first few hours of vacuum extraction and it
re-forms during the first few hours of steam injection.

The TCE phase saturations for the 10 hour cycle time at the three nodes. discussed
carlier are plotted in Figure 14. The big difference between the cycle phase saturations and
those of Figure 6 is that the saturation only peaks at 50% (vs. 78%) and is removed
completely at 68 hours instead of 76 hours. The dip in the TCE saturation caused by the
vacuum extraction is easily seen at the 22, 42, and 62 hour times at Node C. The
temperature of the three nodes are plotted in Figure 15. The temperatures for Nodes A and
B drop quickly when vacuum extraction begins and rise when steam injection begins again.
The temperature maxima are fairly constant but the minimum temperature at the end of the
vacuum cycles rise during each successive cycle. Node C takes much longer to get rise to
steam temperatures but this is expected as the presence of the highly volatile liquid TCE
remains at that node until the third vacuum cycle. After this time, the temperature at that
node rises to nearly 100°C during the following steam injection period.

Additional computer runs were performed for an initial concentration of TCE of
85%. Similar results were achieved compared with the earlier series of TCE runs. Since
the amount of TCE in the system was much higher, it is not surprising that the total time for
removal of separate phase TCE took 180 hours. This time, a cycle time of 22 hours saved
50 hours of total clean-up time and 55 hours of steam time. Savings of even more time
was achieved when a cycle time of 10 hours was used. ‘

PCE, which has a boiling temperature of 121°C takes much longer to remove than
the more volatile TCE. For 30% initial concentration of contaminant, the simulations
predicted 162 hours to remove 99% of the PCE and 184 hours to reduce residual
contamination levels to the 1 ppb level. Using a 44-hour cycle time, the time to remove

99% of the PCE increased to 195 hours and the time to the 1 ppb level increased to 221
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hours but there still was a savings of 52 hours of total steam time over continuous steam.

Table 1 shows the relative economics for all four systems and cycle times considered.

Theoretical Analysis of Optimal Cycle Time

The thermodynamics of cyclic steam injection can be easily modeled in a one-
dimensional framework. Of interest here are the optimal cycle time and the rates at which
the contaminant can be removed by cyclical depressurization. The time scale for
evaporation or condensation process to occur can be estimated from the coupling of the

flow and energy transport equations[10]. Starting with Darcy's Law
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and the Clayperon equation to relate the saturation temperature gradient to a pressure

gradient,
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a relationship for the energy balance can be written as:
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where the effective thermal conductivity of the system [11] is
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If the effective thermal conductivity is assumed to remain constant during the
pressurization or de-pressurization processes, then equation (4) is the familiar Fourier

equation. Although evaporation or condensation can change the water content, thus

altering the relative permeability, the assumption of a constant effective thermal
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conductivity is reasonable for small (<10%) changes in water mass or temperature
(<30°C).

We model our system as a one-dimensional slab with a step change in surface
temperature corresponding to a step change in the imposed pressure, with a no-flux
condition at the low permeability zone centerline at L. Analytical solutions to this problem
are available in the literature [12], and have been graphically presented by Heisler [13].

The temperature at the middle of the slab is:

=2 E (— l)n C—;:Fo (6)

A,
where Aq = (2n+1)n/2, Fo= at/L2, and o = ‘R’Z. .

4

The time necessary for the temperature of the center of the slab to change to 90% of
the difference between the initial temperature and the surface temperature is obtained from a
value of the Fourier Number equal to 1. From this condition, we approximate the optimal
steam/vacuum cycle time. The optimal cycle time for different bulk permeabilities and for
different layer thicknesses is plotted in Figure 16. For permeabilities less than 1x10-15 m?2
(1 mDarcy), the effective thermal diffusivity Aeff, approaches the actual thermal diffusivity

A since the vapor flow becomes insignificant even with large pressure gradients.

Theoretical Analysis of Ultimate Cleanup Levels

The very rapid drop in contaminant mass predicted by the simulations during the
depressurization cycle after the separate phase had been removed is of great interest since
the goal of drinking water standard concentrations are very quickly met. The potentially
high residual concentration of contaminants in aqueous phase is of concern since the
boiling of volatile contaminants is likely to increase contaminant contact with water and
leave the water with concentration near the solubility limit. This residual concentration

might leave the site with long-term pumping needs if not removed as a part of the
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processing. From the simulations, it appears that depressurization provides a mechanism
for removing in situ dissolved phase contaminants to drinking water standards. To support
that observation, an equilibrium model of the contaminant removal rate during
depressurization is developed.

To determine the rate at which dissolved water phase contaminant i can be removed
from liquid water, we begin with a partially saturated porous media at steam temperature.
The total mass of i present in the system is equal to the mass of water times the mass

fraction of i in the water phase (X)).

my=my Xy )

The change in the mass of i in the system can be found by taking the derivative of

equation 7. This change in the total mass of i is also equal to the mass fraction of i in the
vaporized water multiplied by the rate of water evaporation.
d d d
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We relate the concentration of i in the vapor phase to that in the liquid phase through the

linear relationship of Henry's law. A common representation of Henry’s law is:

P;,=HC;,, )

where P,, is the partial pressure of contaminant i in the vapor phase, C,, is the

concentration of i in the water phase, and H is the Henry’s constant.
Re-writing Equation 9 in terms of a non-dimentional Henry’s Law we arrive at:

X; 0, =HX; 0, (10)

where H is the non-dimensional Henry’s Law constant which is equal to the ratio of the
mass concentration of i in the vapor phase to the mass concentration of i in the water phase.

Equation 10 can be transformed into Equation 11 where the dimensionless Henry's
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constant has been replaced by I' (I' = pJpwﬁ) which is the ratio between the mass fraction

of i in the water phase to the mass fraction of i in the vapor phase.

X;w=1X;y (11)

Substituting Equation 11 into Equation 8 and re-arranging terms yields:

1-T d d
(T) Xi,wgfmw = mw’a;Xi,w _' (12)
For a given pressure drop, only a certain fraction of the mass of water will
evaporate due to thermodynamic limitations. From the analytic expression for the
temperature at the center of the slab (Equation 6), an exponential decay of my from the
initial water mass, myq, to the final water mass, mweoo is €xpected. The mass remaining, to

leading terms in the Fourier series of Equation 6, is given by

mw=mw,.+(mw—mw_)e £fe (13)

The solution to Equation 12 is:
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This equation is plotted in Figure 17 for various values of the dimensionless mass fraction
ratio I, the water mass fraction removed, (g - Myeo)/My0, and the Fourier Number.
At large time, when most of the evaporation has taken place, the concentration in

the water phase reduces to:
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Equation 15 is plotted in Figure 18 for different values of I and mass fraction removed.
As shown in Figure 18, aqueous phase TCE concentrations can change by orders of
magnitude for even small amounts of water evaporation. This is due to the large
exponential provided by (1-I')/I". For TCE, I" would be approximately 0.003 at 20°C, and
decreases with an increase in temperature since the vapor pressure of TCE rises more
quickly with temperature than its solubility in water. For a value of I" of 0.002, a 1%
reduction of water mass by evaporation will cause a drop of two orders of magnitude in
aqueous contaminant concentration. Removal of 2% and 5% of the water will drop TCE
concentrations by five and twelve orders of magnitudes respectively. Limitations in flow
paths for water vapor to leave lower permeability regions may prevent concentration levels
from dropping as fast as is theoretically possible. However, the expectation that the boiling
process occurs on the pore level in a manner determined by the local heat transfer from
solid particles to the water vapor interface gives rise to the hope that, once separate phase
contaminants have been removed, concentration levels can be reduced to drinking water
standards very quickly.

The value of T for several different chemicals at 20 °C are listed in table 2. Also
listed in the table are the mass fraction of the contaminant in the water and in the liquid
phase. Reasonable large values of the mass fraction of the contaminant in the vapor phase
are realized for many of the contaminants because, even though the vapor pressures are
small relative to the total pressure, the large difference in the molecular weight of the
contaminant molecules compared with that of the water vapor molecules or the oxygen and
nitrogen molecules in the air. Combining this effect with the low solubility of many of the

contaminants in water leads to the low values of I' which range from a low of 0.0011 for

PCE to a high of 0.024 for Dichloromethane.
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The temperature effect on I" for common contaminants cannot be explored without
additional data on the temperature dependence on their solubility in water. Clearly the
vapor pressures for all of the chemicals will rise with increasing temperatures but it is the
behavior of the solubility of the contaminant in water that will determine the magnitude of I"
at high temperatures. Since, for many of the chemicals listed in Table 2, the mass fraction
of the contaminant in the vapor phase is already significant (over 25%), a rise in the vapor
pressure can only increase the mass fraction by a factor of foui, whereas there is a much
smaller limitation on the growth of the mass fraction in the liquid phase with an increase in
temperature.

The limiting conditions for I" in Equation 15 are I' = 0 (corresponding to a
substance that is soluble in water but with a negligible vapor pressure) and I" = oo
(corresponding to a substance with a non-negligible vapor pressure but is nearly insoluble
in water). For the case of when I'" approaches 0, we expect that the contaminant
concentration should increase inversely proportional to the amount of water removed.
Equation 15 is reduced to C,_/C,, = m, /m, . For the second limiting condition of I' = o,
in which all of the contaminant mass should be driven off immediately, Equation 15
becomes C,_/C,,= (m, /m, )™, which means that evaporating a little water will drive off
the remaining contaminant in solution. For the case that the contaminant behaves exactly
like the water (I' = 1), Equation 15 reduces to the trivial solution of C,, = C,, or the
concentration remains constant.

The amount of water that will evaporate in the porous media as a result of a
pressure change can be solved using the Clapeyron equation corﬁbined with energy

balances resulting in the following relationship for the fraction of water mass removed.

- Zglo-weeachlf) o

where R is the gas constant, Pg and P are the final and the initial pressures and T is taken

at steam temperatures. This equation is plotted in Figure 19 for two values of porosity and

16



different values of water saturation for a depressurization from some absolute pressure to a
final pressure of 50,000 Pa absolute (0.5 atmosphere vacuum). The curves are not straight
since, as the temperature and pressure drops, the rate of change in the temperature
decreases slower than the rate of change of the pressure. As can be seen, in a system with
40% porosity, a change of pressure of 1.5 atmospheres to 0.5 atmosphere can result in a
loss of at least 10% of water mass in a system. For the 30% initial TCE simulation run, a
vacuum extraction cycle pulled out 20% of the water in the system.

Discussion -

Using the Fouricr.number equal to 1 to estimate the optimal steam/vacuum cycle
time, we found a time of 6 hours for the conditions of the system. This would correspond
approximately to the time required for the effluent rates to begin to drop off after the initial
high rates following the start of steam injection. For the 30% TCE case presented, a cycle
time of 6 hours was superior compared with the larger cycle times or with constant
stcaming. The simulations predicted only a few cycles to completely refnove the
contaminant from the system so it is impossible to pinpoint the optimal Fourier Number for
quickest clean-up. |

For the Lawrence Livermore National Laboratory site, the corresponding optimal
cycle time would have been 10 days. This is based on a 6 meter thick low permeability
zone and the thermal properties of the soil to be those of sand. The LLNL site was
operated with a cycle time of 5 days. It may be that a larger cycle time would have resulted
in a greater quantity of gasoline recovered within the operational time limits of the second
steam pass where cyclic steam was effectively applied. More field data are needed to fully

investigate the optimal cycle time in a real heterogeneous system.

Conclusions

Steam enhanced extraction using cyclic steam injection after steam breakthrough of
a simple two-dimensional numerical system was presented. In the simulation, both TCE

and PCE, located initially in a low permeability region were effectively removed. Cyclic
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steam injection always shortened the total steam injection time although the total time for
clean-up varied depending on time chosen for the steam cycling. A modified Fourier
Number of 1 gave a good estimate of the optimal cycle time for the numerical system and a

reasonable estimate of the actual operation at the Lawrence Livermore Laboratory field site.
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